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Fart .«> I 
ProvtoQS wjfls fro® tUis laboratory eoiio0imo<3 wttia t l ie 
bPocsitiQttoo of 8p-oliloro«-So(«o&olo8taii'-S-oao ( I ) xsaioh afforded 
S|9w0&lorO'-a'-drocM»«-5<^"KjliolG0ftea-*O'-oao (Jt l ) fSiiS t^p-oiJloro-^g, ? l ^ 
*Jtl>rot30-Sp(-oliolo9toa-6*oao ( i l l ) . Detiy<!roljalogo£iQtloa o f ( I I ) 
t f t t i t ^ r r i ^ i n o aafler r o f lm r proirided oliol09ta-»3,4'-41.oB-a*»oit© ( I ^ ) f 
S6(«o&olostGn0«>3,0«Klloi}o ( V ) i 3<(f3-oyolo-S<'(-oJ:iolost-»7*»oa-^-oao(VI)i 
&3d ttio aroQiitteod produotp i9<HaorotiolQ8ta*iy3«5(iO)«»trioai«0«"(»io 
(VI I> t ^ l o tho dotiydro^olosonotiOQ of ( I I I ) fiiFaiotiod a product 
o f piog ^ QpoQatlaatloa attondod by motbyl taigrat ioa f roa CtO to 
C1, as l«Qothyl»4O-eaoroboiestQ-i,3,3(tO)»trien-0-oao (V^I I I )* 
(VHI) 
(II) 
(iir) ( y ) (»/i) (VII) 
o 
c 
IQ ooatinaalloo of %h^ tSassr^ wortc QII<I i» .^ l io lpat ioa of 
obtolfiliig aooe tntoresttitg resaltsg tbe easily aoeesstbte ^«p«> 
uaaaturated steroidal lcotOQoe» (^olo8t'^*^n*T<oii0 (IJC)* Sp** 
(Sf) ts©re smSiJoGted to o<-.^r oral nation ooaditlons. I t i s 
ifitarosting to nolo that ttador ttie <?(-^roeination oonditionSf 
Sil»romo and tritirotaoprodttots tsere obtolnod rottior tlion o{*> 
brocsoprodnet. Ctiolost-^-on-7-oao {%%) gives SfOpMltlijroao-^p-
e!iolostan«»7«QO0 Cxit)t 3p»aooto:iCf«**olG8t-^«©ii-t-on0 ( l ) fornlsliod 
sp-GOOto:^ 5,6p'<dil>rooio-Q<?(<«K:^ olG8tQn«»T*oo0 (SXIl) ^oroGS ap** 
otolofoeftolost-S-on-T-ono <M) I'ieldod 3p-c!iloro-<ippO,0o(-» 










in) imv) {wi 
A tet i tot l^G taootiaatsa i s boins proposed (Sobeos-i) to 
aeeotmt f o r ttoo fortsaticra of t r l u roao priKiaot ( 1 ^ ) . 




Soiieae • t 
Tlio trdalaotit of ( H I ) witii p r r l ^ a o tmder refiox gav« 
tfi0 poront Ic^tottd (fit), ftie bromolCdtoiie (XIII) on s l a i l a r 
ftotoao (X)» 0Qder si si ta r coa<3ltions (SfV) afforded paroat 
%ratoao (321) i a a<adit&on ta tbo obolesta-3«3<M{iioB-?-«oaa (D^lII) 
t ^ l lo (W) SQVo 4,0«-dlt»rotaoeaolo8ta-3t9-«lleQ*T-oao (S3tS>« 
»r Br 












A t e n t a t i v e QOOUffliiSQ t o hotna pf&poSQ^ (Soaooe-a i t o 
ao0o«it f o r til© foroat too of poroiit &9te«©s f roo ^ o ©orresjj^oiKiiiig 
O'^ °n i^' °' 
Br 
0>4 
aeii«i« - 3 
c u 
Baeyer^-yiltiger., esitaattoa .of S tero ida l geteae^ 
Peraoid «s ldat io i i ba© l»oen ostensivolir i^ed for ttie 
preparat ion o f e to ro ida l laot^aas, also me^imt aad largad 
siBO r i n g laetotiao, t ^ c ^ tiora otHerialo© v t r t i i a l l r d i f f l e a l t 
t o prepare, S@v^aral pt^ors deal ing ^ t ! i paraoid OKidatioa o f 
s ta ra lda l katoaaa aad K # P "nstsatarated Icotoaaa par ta ia ing to 
r ings A & 8 hmt^ baoa appear ad frtra our latioratQrias« f l ie 
aalbstratae assploi^ad i n theao studios war© 3<»5"-©yolo-S^-
aliateataa«8«ono (XI)» i t© 3^ * * IG IO darivativ^a® (33SI - I I I I I ) 
e»d op-broQooliolost-d-eja-S-ona (JOav >. 
(XX) 
^8®if % ^ i t 
<XXI) R, CI 
(xui) a, Br 
(3OTII) ft, I 
(joav) 
•'s"!! 
I n oOQtItioatiOQ o f tbo previotts tyor^t 3p«>olilorootiole8t* 
5*en-t'-oae ( IS) was 0til»i0Oto4 t<i Boeirer- i r i lUger oadLilaUoii* 
Tli0 peraoia oartdatioa of (S I ) ptmx^ea ap-ealoro-S^^i^-oaEido-Si^** 
eholostGa-T-^oa© (S IV) , 3p-Kjalor«N.iS»fOK^rl*6-«OKo-4K"*^<»lo9taa«-
t«oa€ (XSVI)p 3p"*oliloro-to-oxQ-0-£iomooliolo8t-^««ea-»?-oao (ElSlfl l)f 
S5*Ksliloro-4l«<>3W"^ft«<3eoa-««Hioreholestaa<»T-«<oto ool^ (XS^ I t l ) 
ead s*MJso«i^pf»s0OCH«p6*«or©!iol0st-^-©o«?-oie aol<3 ( IHIX)* 
8 I f 
CSO 
(S I ) (KSV) (sssri) 
coan 
(^wii) (^057111) (sikXJi:) 
s 
Tho straoturo.of tbose oompounds x^ro doterolned on the 
basis of tliolr spootral proportlos* the folltmins soheoG depicts 
tho pathways throi^a c^rhioh < n ) io coniroiftod stop hy step ia to 
(XXV), ( x w i ) , ixmn), (S.WIII) m& (XSIl) uador roaetloa 
OQTtiSitlons. 
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Paift 
nyqiatiiiitteQ ana <letiy<lrohal0/i€Hiiati<8i 
f»revt0tiii worM fro® tlits laboratory oonoenioS ^ t h t&© 
Droiaitiatifm of 3p<iie&toro^o(«»o&ole8taa«S«oii6 ( ! ) ^iioh affordea 
3p<«K5!itoro<«ll«ii^ r<»io«3X"*^ ^^^<'^ *^^ *^ °<^ C^ '^ ) ^"^ Sp-K^loro-OfTp* 
dtt>roi90«So(«<^o£o8«ei«6*-oQe CZII$« Botirdr^alogdiiatioi} of ( I I ) 
tsltis prrl^Qo mtflor reflas provt<Sofi oliolosia^St^-^ea-^^oao ( I f >» 
esia tho aroisatlseS pro l^tsot, i9«Qori^ olosta«»i93t^ CtO)«*trio£i«>6<-M33)0 
< ^ t ) i ^ l o the a@t^ro!ialo@ofiatloi» of (££X) foroisliQa a produot 
of rlag A c^ooatiaation attelided br laettirl eaigratloa frois QiO to 
pl,as t«fietti3rt'»i0«Qoro!ioIootewtt3t9(iO)«4rl«ii«^«<»to t^ I I I )« 
(VI) (VII) 
Ill 09»tl!iaiitl0ci of the a!»Qve tstirlc miA in ant lot pat ion of 
obtetolcig 0030 intorottltog rosallo* tbo easily mo»99ible o{ ^p • 
mteatcifatod «toroiaaI u&ton&»$ «^otoiit«3<"«a»7««mo ( lE/ i 3p» 
ae0to^oSiol0»t-S'*6»-f«-oao (S) aod Sp-Hoailoroctooloat^S-oii'-f-Kiiicifxi) 
I t to idCerosttog 
to tsoto tbat miiiSor tlio o( «^roi^itatioa oon^litioisat dibromo and 
tribronoprodc^ts «@ro obtalaod ratbor ttieii U «>QromoproaiU3i« 
0botost«#<-6ii<»7«K»io (IS) glv©» Sf®<i-dlbroji«H6&-<»tioloatQii'»?-«oao(iatI)|, 
3p«a0otojsy<iiolo»i-^i-oii*1'-oiio (S) fiofaialiod S^^aootoir Q , 0 ^ 
dii>roao«®c(K»&oiesti!ii«-7«oiie ( H t l ) idiorofis aj&^bloroo&oloet-S^ea* 
t-ono (SI> yioWod 3^«elit(Hro>»4fi»StOc(«^rit>rogio-^^&olo8te0«>7«><mo 
(W) in &St6itim> to tiM d(B>*^ hloro«3f6p^ ^<K3it»ro»oWic(«.oliol0@tazi*t*K»oo 




( i t a ) 
ttu BroadiiiaHoii of aliolo«t«9««oii«»7«*oiio» J« Ctioei* 3oo»(Periclru.j3 
8/11197) * - • (In s»r«s«)* 
li* Sjmtiioolc of o(<-ftroaoketo otoroids (ac/90) ao««pt«4 for 
ptvoootatlon in postor •••• ion of 60tli oootioo of All lodii 







& tdstotii?© fsoeHoois^ i s Holag proposed (Setttsae * t ) to 
oei^mit for t&o fonssttoa of tr lUrooo product (S?>* 
{n\ sr Br 
•OTr 
(Sotioao • i ) 
(XST) 
IV 
fUe trmiitmmit nf (Xll} witti pFrldino tmder r^ftmr gate 
tm parent li^to»e (ISK me hr<mmQt<m& <SfIK> oa « i a t i ^ 
t[et<mQ ixU ^<3or sliilliir eoaailteaa (StV) afforded p a r ^ t 
(mt) 
?^if 




in^) (X I ) 
4 teiit&Uird mo^eiatee i s l>oitig proposea (So&esto • 3) to 
Qsoovmt for tbe foxiaatioa of i»areat leet^tes froa tltn oorrespoodiiiig 
dlbrocK)prodiiet0* 
^fi,^ Br* 
K X ^ . 
«0r 
:-*TV O 
(SeHeae • a) 
Tli« strooturo of tti« eoiQ»OQiide obtained was eotebUttiod on 
tho tia«t« of oiiofldLonl mud spootral • • i d ^ o o c . 
VI 
PiMPi «> J(|^ 
iryr^<^,Miffiy. mnmm^ !^n.^^^^%^^^ ^*if^m^ 
Pers ia osldQtloti it©s h^on oslom»i9olr tis^a for ttm 
proparotiozi o f Qt@f^l<aai 2aeto»@®« also aaiSius md largea a i s ^ 
r i o o taotonesy laMeti imre <»tci0i^9© v i r t u a l l y a i f f l o a l t t o 
propero* Stsreral pt^ fwip© <^allQg witu u o r ^ l d «sft<latliia o f 
s te ro ida l ^ t < ^ d 8 and «( « P ^ oasatoratod leetoaos p^rtaiESiag to 
Hn^ A end 0 htw& &ooa eiipefirod t roD our Ic^ora to r loe* fn® 
©tibstrotes ^ai>loj?0<l l o t&ss© 8tti»it@e w@r© 8tf(t0««Folo-9^* 
oatil^tifflKJ^oiao (SS), i t o Sp«^Ql<i fiortvotivo© (EM-SSI I I ) (&^ 
Opi"lji»oa0etiol«j9t«<4«»OQ-3«««ao ( SSIV)« 
?a% S^i? %^i? 
{vO (joa) Uf ci 
(XJQEX) a» Br 
(^csxii) a, 1 
<J^V) 
v« 
to oontiatiatioQ of m^ previous w^rkp dp<K»!ilorooliQtdttt* 
{S«.0Q«>t«oQe (SI) wm stil»|«ot9d to Baojrer'^tlUgir ostaatloa^***. 
fim pm-^mA^ omffatloii of (SE) ]^rovld«€ Sp>-Glit#r@ $t0«(«*{»i!td#«> 
So(*«toolo8tain-f«-«>a0 (SSC)! 3p-H:diloriMI»f0ii8yl-6-ojtaH5«('» 
o!)ol09t cso»?-oao (SSPt JI 3p-<2&loro*7®-03Ka-O«4^ oa©o&olQst'«<5«ea*?«oao 
CfS^I>t 3p'-K>llloro«i4«M»s©«4»f*«ooiiN4'Hi^ ro&oI©0tiiBk«t«^^ ©ol^ 
( r o n i i ) oaa S-®jKM3»t-saeo-O««iorcaol09t<^*iea-»f-oto oda (SKISK 




j r ^ ^ v . . ^ ^ ^ ^ - ^ GQm aooa 
(txmri) (PQTin) (ssix) 
2a« Bat3r*r-^itUs«r oaddatioo of a^«»^lorootiolest«4««ii*7«oite* 
Aeta Ohttt* Asftil* Set*, noagfiiy • • • • « (Za press}* 
b* Ba«r«r«^ilUg»r oxidatloa of << «p-isisaturated atoroidal 
Ictteiia* l^ramatad at 4St!i anattol • • • • ion of tiio HaUoaal 
mnA^my of Soleneost tadlat tbmttmt of pi^arst pago to (t973)« 
VIII 
The s t ruc ture of these compounds Tvere deteriained on the 
bas i s of t he i r spec t ra l p rope r t i e s . The following scheme depic ts 
the pathways through T?hich ( S ) I s converted step by s tep in to 
(XW), (r«SVl), (XUXTII), (XSriI l ) and (SXIX) under reac t ion 













' ^ ^ ^ ^ COOH 
< ^ CUOM 
\ JitAjl & / (i:xyiii) 
(o -^BflOHIWATIOW AMD I^ HlfDROBROMINATION OP STEROIDS KETONES) 
BROiJlWATIOM 
BroBil nation 
fho broialnation of ketones as i t I s ord inar i ly conauotod, 
neffiiely In the presence of added or generated aydrogen brociide, 
r e s u l t in the tberoodynamieally laore s table produot, Kine t iea l ly 
control led brooinatlon laay be affected by carrying oat the 
reeotlon in the presence of mt agent capable of reooving hydrogen 
broislde as i t i s formed, e*g*» sodiuta ace ta t e , or by broioinating 
the corresponding enol ace ta te in th® presence of pyr id ine , 
sodium aceta te or ep ichloro t^dr in , fhe k ine t i c product aay be 
the sMie as the theroodynaalo one or d i f ferent froia * • i t 
depending on s t e r i c f ac to r s . 
o(-<OroEJination of methylene and methyl ketones in the 
presence of base cannot be stopped at tite eonobromolcetone s t age . 
The polybromoketonca thus forced are cleaved under the bas ic 
conditions to form haloforra and oarboj^l ic ac id . 
'fho study of <<<-broiaocyolanones i s advantageous for two 
reasons; f i r s t , these compounds contain two strong dipoles» in 
close p r o r i a i t y , ts^ioh are mutually repulsive to the g rea tes t 
extent when s t e r i c s t r a i n s are a t a minimum and second, the 
approximate r e l a t i v e o r ien ta t ions of the two dipolos con be 
determined by infrared spectroscopy. Correy advanced the 
theore t i ca l arguments which led to the conclusion that ol^ 
broraoeyototiexanono should e x i s t almost oompletely at room 
tooporature oooupied ax ia l p o s i t i o n . 
Coroy , with the holp of infrarea speotrosoopy, found 
that in Giothylatod-2-hroaocyolohoxmionos the or ientat ion of 
broialne in the s t ^ l e confortaation i s sometiiaes ax ia l and 
sooetliaes equator ia l . Thus in case o f 2~t>roao-3,3-dioethyl* 
oyclohesnnone the aore s tab le conformation in ( i - a j B r - a x i a l ) , 
and in the 4,4«-diaethyl isomer i t i s ( l l - e ; B r - e q u a t o r l a l ) . 






Tn ( I»e ) , the e l o o t r i o repulsion between C-0 and C-ilr dlpoles 
des t ab i l i zes I t to the extent of some 2.7 fCoal/iaole» wiille 
s t e r i c In te rac t ions bstweon i t 3 n$Sr in ( I - a ) i s foonu to 
des t ab i l i ze I t bjr onlf about 0»4 fCcal/oolo. So ( l - a ) p r e -
doalnatoo over ( I - o ) . In cose of tbo 2-broao-4,4-diD8tbyl-
oyolohexmiono, hoisever, s t e r i c repulsion between axial brotaine 
and a s l a l octhyl in ( l l - o ) oati?oisbs the e l eo t r i co l effect in 
(lf*>e) and Hr-equatorlal form i s norc stable* In s teroid tbo 
broaoltetones have aohieTed the confortaatlon of taaxiaum s t a b i l i t y 
and the r ing cannot f l i p frota one chair foro to o ther . Indeed 
a few brodolcetones are tenotsi both in l a b i l e cad in s table forms, 
usually recognizable froa the observation that under ca t a ly s i s 
by hydrogen bromide the former ean be isosnerized to the l a t t e r , 
the equi l ibr i im i s achieved throi^h the enol forci. 
ft 
Corey oharactorizad the bromination of s t e ro ida l bcetonos 
v i a the corresponding enols in several cases* and perhapSf 
general ly , by an effect xThioh d i r e c t s the inootaing bromine 
subst l tuent to the axial r a the r than the equator ia l pos i t ion .This i s 
an indicat ion that the axial epitner i s forioed fas te r than the 
equator ia l one. Opposing th i s ef fec t i s the c l a s s i ca l s t e r i c 
effect which d i r e c t s a large subst l tuent such as (Qr) to 
the l ess crowded equator ia l o r i en t a t i on . The net r e s u l t of these 
two ef fec ts which influence the r e l a t i v e r a t e s of formation of 
the epitaere with cula l and equator ia l bromine I s c lear In those 
oases TJhero the broooketone i^^ich i s i so la t ed as the unstable 
e p i i ^ r , forced to r ftlnetio ra ther than for steady s t a t e reasons* 
In such Instances the Itsportanco of the nonetoric effect i s 
apparent since the oajor product has invoriably been found to 
be the epimor t^ith axia l broraine, 
6 
Corey has developed a rule for p red ic t ing the o r i e n t a -
tion of brooino in a l l < <-broao^otostoroid8 p i th b:etone function 
in r ing A,!) or C and A/Q c i s or t r ans . One oethod appl ies to 
the s tereooheolstry of the theraodynataioally coa t ro l led bromina-
t ion products end the other ©ethod appl ies to <-bromofceto-
s te ro ids tThose stereoohetaistry i s Icinetical ly con t ro l l ed . In 
every case there i s agreement between predicted and determined 
configuration at C(Br), A number of oases are reported in tThich 
predict ion has led to a redotermination and eventual reassignment 
of configurat ion. In other oases, con f igura t ions , which are con-
s i s t e n t with p red ic t ions , are assigned for the f i r s t time using 
both infrared and chemical evidences. Thus i t has been shoim 
in accord with exception, that the bromination of So<',Cg-
dibroraooholestan-a-one produced the 4 ^ -der iva t ive f a s t e r than 
the 4i^-derlvative, although the l a t t e r i s the more s t a b l e . 
Ijlkewise the bromination of 3<-aoetoxyoholesten-d-ono afforded, 
as predicted, the 5<-bromo der iva t ive which i s isomerized to 
the Te<-brorao der iva t ive by hydrogen bromide. 
ft 
Corey's genorallasation for prediot lng tbo s t e r e o -
oheolstry of the telnetloally control led bropination products 
i s as ' 'the epim&r wfiloti i s fortacd fas te r in tho brotaination of 
a botosterolds i s that in \shioh brotaine i s a s i a l " . 
Sooo i l l u s t r a t i v e oxat^los of the broaiootion of various 
s tero ida l feetones ore c i ted hero . 
rtroaiaation of Saturated teetosteroidg 
Sigg e t a l . car r ied out the brotaination of 3D<;-cholestan< 
t~one ( I I I ) trlth bromine in ace t i c acid, in the presence of 
c a t a l y t i c aiaount of ftBr, a t room tec^eraturo and obtained three 





5(<«Cholestea*2-oae (VII) oa treatment with brociine l a 
aoet io aold containing a traoo of UBr yielded d^-broao-S^-




S-^-Cholastan-Soono (IX) gave di f ferent ooaipounds under 
d i f fe ren t conditions of broalna t lon . Chen (IX) was t rea ted 
with Br„/UBr in aoetio acid for 10 oinutee a t room tetaperature, 
the product obtained t/as aoC-broao-So^-cholestan-a-one (X) ' , 
DIbroolnatlon of (IX) with brooine in ace t ic acid produced 
2o<t2p*^t**''*®0'-S<-cholestan-3-ono (XI) • When brosilnatlon 
X3&n carr ied out in ace t i c acid and tbo react ion loisrturo was 
Isept at rooQ temperature for 20 hrg, (IX) yielded aXt^K-
11 dibroao-5o(-ehole9tan-3-ono (XII) . 
(IX) 
Br.jAcOH, r , t . 




BT„f AoOH, r . t . 




Butenandt and co-worlSero r e p o r t e d the brontlnat lon of 5 p -
ch o l ©a t^ -3 - o i i 0 ( X I I I ) toy Drg/IiBr In a c e t i c ac id a t room 
t e m p e r a t u r e . The product ob ta ined was 4f-broiao-3^-cholostan« 
3-one (XIV). 
VlT 
B r g ^ r . t . HBr 
8 
BroQinatlon of ( H I I ) t7as studied In d e t a i l by Shoppee 
12 13 
et a l , {anetloalijr control led DonobroQlnatlon of ( 3 a i l ) 
fai led to y ie ld the aidlal 4'K-*»«*oraofceton© and gave the equa tor ia l 
4p-t>roDolietone (XIV). Dibroolnation of iUll) furnisbed 
diequatorinl 2^,4^~dibronolrotonQ (X^)« Aold-catalysed oono-
broQinatlon In ace t i c acid of (3CIV) a l so afforded the 2p,4f-
dlbroraoftetone (XV), 
^Q«1T . ^ ^ ' t 
(XII l ) 
BrgHOAc 
Attempted t r ibrooina t ion of 5p<-oholestan~3-one (XII l ) 
in chloroforio-aoetic acid a t 20 during two ^eoks gave 2,2»4-
trlbromochole8t-4-en-3-one (XVI) 12 
9 
tOltaotiOGlly ooatrollQd l5iroi::inatiwa of op-csjoto^gr-o-aotbgrl-
i9'<ioir«op-olioloBt-o(lO)-oQ-3«oao ( i sn i ) oKoloolroly afforfiod tlio 
tjroaobotOBo (SIS) ^ t & &a axtcl broolno atom idiilo Op-Qcoto:gr» 
S-<3othyl-i9-Qor-Sp-ol3olo0t-O(ii)«-oQ-3-oao (SJflll) furnlstioa tbo 








Bromlnation of 3-iaeth3rl-19H9or-^p-otiole8t-9<10-)~enT-3-oae(XKI) 
wltti Jacque*8 reagent (trlraethylphenyl aoiaonlum bromide p e r -
bromide) /rave r i s e to enlfflorlo brosoketoaes (Xiai) aad (XXIII)****, 
(XJEtV) 
(KHII ) 
The 2~positioa of brotaine atoia in those coapouads ^as 
supported by the i r dehydrobroiainatioa to (XXIV) aad also by 
t h e i r nor spec t ra . 
Broniination of 4-ketOBo (XKV) tvlth the s^ae reageat 





Broffilnatlon of 3-i^Gtone (XXVIIl) yielded two bromolcetoaes 
(XXIX) and (XXX) In major and Qinor oeaounts respoot ive ly . The 
oonflguratioa of broelnc in (XXIX) and (XXX) viaa dotoroined s i t i i 
ttie holp of IR and CO spect ra t^ loh Indioatod balf obair 
14t> 
oonforoation for B r ing in tbeac ooc^ounda 
(xxvui) (xnx) (xsx) 
Methyl 3-k©toeholanate (XKXI) on broiaination wltb Br^/HBr 




Sane r e s u l t tsas obtained when (XXXI) «as t rea ted idlth lUr in 
ace t i c acid for 2 brs at room temperature 10 ^hen a solut ion 
12 
of (XXtl) In aOQtlo acid was treated witb Z equivalent of iBr 
so lu t ion oatalyaed hy UBr and the react ion tntsture was tcept 
for S da3r3» Eiethyt 3p«bro@e>3-osooliolanato (XXSXII) '^as obtained 16 
(TCXXI) (XXXIil) 
The ftroralaation of ^-hosio-5o(<-obole8tan-4-oQe (XXOV) in 
AoOH In the presence of HDr gave 77 5 (XSXV), i7;5 (XXxyi) and 





18 Shoppee end Laob studied the bromlnatlon of 
4-fi:etOQterotds« They brotalnaieii 5<-cholostaii-4-Kjiio (XXXVIH) 
l a aeot lc aold ond obtained two isomeric products «* 3 Xand 
Sp-broaolcotones (XXXIS) and (XL), 
VlT 
(XXWITI) ^xxjax) (XU 
Broolnatlon of 3o(-broao-3o(-cholostaii-4-onc (XLI) with 
Brg/rror in ohloroforq/acet ic acid produced 3o(,3p'-dlbroino-5<-
18 





Bromlnatlon of 3B-.aootosy-.5o(-chole8tan-6-ono (XLIIl) 
3 l 9 20 
was oarrtod out undor dif ferent condit ions » " » ' * , A var ie ty 
14 
of corapounds wore obtalaod by tbeso reac t ions wbicti are 
8»iaoariae<l bolotsri 
Br^, AcOa, BtgO 
<li6) 1 hr.O^^C ~* 
AoO 
Brg, AoOH, EtgO 
AoO 
S ^ i f ( i«5) 
Br„, HDr, AoOH 
t8 cdn. 
HBr, AoOH, 18 h r e . r . t . 
Brjj Br 
m an attooptefl preparation ot 3f-aoet03sy-To<-.broiao-
5o<-cliolo8tan-6<-oao (XW) troa (XLIII) , tho l a t t e r was troatod 
xdth Qrjmr In e tber -aoe t lo aold. Tble Invariably afforded 
3B-acetosy-5,T,7-tribroao-5i<-cbolestaa-6-one (SUVIII). l a 
15 
on© or two experliaeiits 3|'-acotoxy-3,7^-<llbroiao-5o(-oholo8tan-6-
one (KUTII) oas a l s o obtained , 
AoO 
( XLVIII) 
22 Reoeatly Shaf iul lah and Islaauddin reported the 
broiainatlon of ap-chloro-.s^-oholeetcai-fi-ono {XhlZ} under varying 
oonditione of roaot lon , Treatiaent of (XUX) with Brg-^Ur in 
e thor-aoet io a d d i n ©old gavo 3B-obloro<-S<>(«-broiQooholostan-^-
ono (h), Tho dibroQO ooopotrnd (LI) was obtained when the 
react ion t7a8 oarrlod out at rooei teiaperature or re f lux 












23 Shoj^poo o t Q I . reportod tho t>roE:aination ot sp-aoetoay-
5o<-c&ole9t®a-7r0oo ( t i l ) . Uooetton of ( t i l ) with tirooliiQ la 
^hlQrQfors gave tiie 0^-t>r9a8 ooapouad ( t i l l ) . From ttia sother 
ll<jo»ur 0i<*l0ora©r <LIV> '^as obtained. uSieo ttio fticttono (LII) was 
trooto^ t?itli brotaino In ocirbon totraoblorid© cnci traoos of i^ Fa* 
o dtbroao'jEeton© (UT) tias obtattjod. 
AOO' 
o r ^ t CStf* 
r . t . e 3 oiti. 
itoO 
( M I ) 






23 Q l l i s broataGted tbo s to ro lda l ^otottos in tho prosonoo 
of mi i so la ted doubto bond without ttiis boad boiag of footed. 
3B-Tydrosyandro8t-«i|i-eii*17-OQo (LVI) (leevo 3p-bydroxy-lSo(;-
broaoandro8t-5<-oii«17<-on© (LVII) on roootion ii^ith ouprio brooldo, 
17 
(LVf ) (LVH) 
Broolnfttlon of t<« B ^unsaturated ketoBteroldat 
26 Shoppee and h i s co-worteers reported the broaination of 
SiK-cholest-S-en-l-one (U? l l l ) in e the r -ace t i c acid a t 0 c to 
yie ld crude 2,3<-dib70{9ide (LI£) . 
( t v i i i ) 
27 
<LIX) 
Green et a l . added one aoleoulo of brooine to an ace t ic 
a d d solut ion of 5<<<-oiiolo8tan-l-en*3-one (LX) and tUo product 
thua obtained was regarded as IKjap-dibroao-Swc-cholestan-S-on© 
18 
(LXt). Uhen tho brooinatlon was conducted In esoeso of bydrogen 
broQidet crystals of 1£ ,4o(-dibroiao obolostQn->3<-<»ao (LSII) woro 
separated. 
Ao03,Sr„ 




(LXI) (t^s) (LXII) 
, 28 Kirk et al« found that by oorrylng out the brominatlon 
of cholostMS-on-a-on© (LKIIl) In the presence of o proton 
acceptor ( c o l l i d l n e ) , ^-bromocholest-i-on-S-Hsne (LXIV) was 
obtained. Though i t X7as previously observed that 3 - o s o - /S. -
s t e r o i d s on brotalnatlon with bromine in a c e t i c ac id , or X7ith 
Mobromosuooinitaide in a su i tab le so lvent , led genera l ly to 
a l l y l i e brotaination with forraation of the corresponding 0-brorao-
and 2,0-dibroi3O»3«-oxo- A -s . s t e r o i d s 2 ^ 
( L t l l l ) 
13 
Olorassl and oo-worlcors dibrooinated Z^*-androstene-3, 
17<^lone (LXV) tdlth brotatae and hydrogen bromide la acotio acid 
a&d obtained the dibroao eoapound (l»x^l). 
Br 
'•vw>^ 
When (LXV) was t reated trltb equiiaolar quantity of If-broiao-
saodnlialde In oarbon tot raohlor ldo a ease of simple a l l y l l c 
bromlnatlon was noticed end d«-bro(ao« -androstene*3»17-dlone 
(LWII) was obtained 29 
DJerassl prepared the monobromoketone (Lxvriix) by 
ref lu^lng 2,4-dlbrorao-30(->obolestan-3-one (XII) with oo l l l d lne . 
20 
( t w i n ) On brootaotion 12*tb W-^roaosuoolniialclo affor(3o<a a 
prortttct 1 iontloal wltb (LXiX). InHoffen beS obtoiood (t«SIE) 
froa the taor© stablo trlbroiao&etoao {1*%X) by reaot loa « i t h 











31 Kooor e t a l . e tudtod the broiainatioit of s t e r o i d a l 
3-i£0to-l,4,6**trieiiea* Tlio brojainat lon of (Lxna)and {LMMh) 
with s o l s o u l a r Uroslas or i»ltJi Kt-bro©oald[es, gave only d l a s l a l 
a d d i t i o n p r o d o o t s , l . e . t 6^,T<-dibroiao*3-teeto-l ,4-dl0n©s 
( L X t l l a ) and (L^XIHi). 
(liSJtta) Ra o<:«cag 








5<-Cholest-'2-enHi'-on© (f^XXII) In chloroform VOM t r e o t e d 
^ t h broialne a t 30**, whioli provided 2p,3fl(-^lbrorao*S^cholestan-
4-one (LXXIV)*®. 
( L X m i l ) 
22 
Orominatlon of oholost-5-on-4-one (LSXV) provided 6p,So<-
dlbiroiaocholestan-4-ono <LtSVI) 18 
25 Eeaetlon of 3&-aoetoiy'-^,16--(]len-20-one (LSJOTII) xjith 
cuprio brojaide i n tetrahydrofiiran was oarrlod out t7ith the thought 
of producing r e s u l t s analogous to those obtained by Solltaan and 
32 Oodson , i . e . . Introduction of a bromine at G.- to y i e l d (LXXIX). 
The product, hOT7over, was shomi to be the 31-brofflo-derlvativo 
(tXXVTIT). 
(li^XTX) (LtWII ) (LXXVIfl) 
NO w v N iKoa Gona Aiiaa 
23 
Behydrpbroralnation 
Organic bases such aa pyridine* ool i ld lno and sodiuo 
ace ta te , oto», are generally otnployed tor dehydrobroialnafcion of 
broaoketones to produce the corresponding unsaturated ketones. 
Coll idine i s a oore useful agent because tbe insoluble ool l id ine 
hydrobroaide can bo used as o quant iea t l re indcjg: for tbe es ten t 
of dobydrobrotsdnation. However, those are exooplos where the 
react ion i s aoooapanled by roarrangoiaent » Oebydrobrooinatlon 
of o<-broaodioxolanes can be effected by t rea taont with potassiuo 
IB 
t 'butojdde without cleaving the protec t ive grouping . Such a 
Qethod I s t in fact , the only feasible way to prepare cer ta in 
o^,&-unsaturated &:etones. 
Shoppee ot a l . refluxed 2(<-brotno-5<-chol©stan«l-one(VI) 
with S-eolt idine under ni t rogen for 1 hr and obtained the <<, B -
37 
unsaturated betone (WITI) • The 2,2'odlbroao-lcetone (Vj under 
s imilar conditions was rapidly (10 min) converted in to a«broao-5o(-
obolest-2-en-l-one (LXXS). (LXX:X) was a l so obtained when 2 , 3 -




(V) ( bXXX) (LIK) 
Uhcn 3(<-broQO»5o(<H3hole8tan«-2-one (VIXI) eras treatod with 
hid and hint l a mp it provided on <<, 6- i inseturated i^otone 
(hXKXl)^, 
Vl7 
( V I I I ) ( hXTiXl) 
Pohydrobromlnation of 2p-broao-3o^-oholestao-3«on0 (LX-JXII) with 
o o l l l d l n o , under re f lux for 1 hr, gave and oiiolestonono s 
(Lt and LXIII) 10 
25 
Vhi 
(LXXKIX) (LS) (LXIII) 
On ref lus ing a lalsture of 2,4<-dlbroaocUolcst£moQe (LXXXIII) 
md "^-col l ld lne for 80 olnutes chole8tQ-t,4-dlGii«3-one (LXXOVJ 
&ad chotesta-4,6-MfliQO-*3-Qne (LiJOCXHT) trerd obtained 11 
OK^^^KJ 
( UXXXIV ) (Lxxssr) 
Dehydrobroralnation of lo<,aB'-dlbrorao-So^-cboleston-a-on© (I.XI) 






39 T?arnhoff reported the react ion of ao(-broao-.5«(-cholostan~ 
3-one (X) n l th a var i e ty of all^yl subst i tuted pyridines* He found 
that in addit ion to dehydrohrocdLnation and dlsplaoement, reductive 




noaolytio 1,2-oliniinatlon of hydrogen broaicle from SKfOp-
dlbroiaocliolestan-a-oae (JUXXJOrila) oad Sp,0o<-<libroohole8tan-3-ono 
.40 (LTtWIIft) Rave an oqulllDrluQ laixturo of ap-t>romooiioio8t~4'-en* 









(LXXX? nt&) (XCa) 
HBp 
u 
Free rad ica l laeolianisQi of UDr olliainotioQ i s reported in 
vorjr few oases* I t la favoured tliertaodynaiiiloally by In te rna l 
s t r a i n in tbe s t a r t i n g material and by the thermal s t a b i l i t y 
of the products. 
28 
conv 
4,4-Dliaothyl-T,T-illbrofflo-A^-sterolds (XCI & XCII) wer? 
41 
er ted to {XGlll) t»y dehydrobroalnQtlon with S-ool l ld tne . 
• ^ 
ixcni) 
^ o n 2B,3<-<llbroQO-3<-oiiole0tan-4-ono (LSXIV) was 




19 Hollbron o t a l . found t h a t 3p-aootosy-3<,7>5<-dlbroiao-
ot ib les tan-^-one (3CLVI) and 30-ac0toay ' -S< |7p-d i toroaochales tan-^-
oae (XLvI i ) , on r e a c t i o n witt i b a i l log pyr lu ine« y i e l d e d tbe 
dlenone (X€!V) and subsequent h y d r o l y s i s of (XCV) gave o b o l o s t - 4 -




The a c t i o n of b o i l i n g p y r i d i n e on (LXVII) p r e s e n t s a case 












AoO A C O - ^ X ^ 
AcO ciwn 
< tcv i i ) 
Schejae-l 
31 
S'p-Chloro-SK-broQooholestatt-O-one (L) itas t r ea ted with 
22 the boi l ing pyridine . The products obtained were cbo les ta -
St'i-^len-S-oae (IGVIII ),5«Kroholestane-at6<-dlone (xc ix ) , a^jS-
cjrclo~5o<-chole8t-7-en-0-one (C) and a r ing A arooatlzed product, 
t9H[iorcbotesta-l ,3,5 (10)- t r len-6-one (C l ) . 
(XCVlll) iXClK) 
(C) <CI) 
The formation of (CI) from (L) can be shown to occur according 









3^-AcctO5y-5o<~chol09t-8-©ii-7-ono (CII I ) was obtained by 
dehydrobromination of 36»aoeto:i!y--3p*broiao*5<?<->oholestan-7->one ( C I I ) . 
The bronio&otone (CII) was kept overnight in pyridine at 30® and 
then at 100** for 1 hr giving r i s e to (CII I )*^ , 
3^ 
( c i i ) (CIIl) 
SPECTROSCOPIC APPROACH TO BRO&lOttETOSTEROIDS 
34 
SpeotroBoopio approaoh to broiaoftetosterotcis 
Tho detorolnat ion of the s t ruc tu res of organic aolooulos, 
t he i r oonforaatlonal and oonflgurational assignraents have been 
tho aost itsportaiit tashc facing the organlo eheols t . fhe rapid 
developQont of speotroscopio techniques during the l a s t t h i r t y 
years bos revolutionized the approach to s t ruc turo de te rn ina-
t i on . UV, tn and tfAH provide usoful information for the de te r* 
fnination of tho s t ruc ture and stereochetaistry of a ffloleoule. 
Of these laethods infrared spectroscopy had been applied most 
TTidely. I t i s only recent ly that op t i ca l ro ta to ry dispersion 
(ORD) and the phenooenologically r e l a t ed op t ica l c i rcu la r 
dlohroisto (CD) have drawn the a t ten t ion of the chemists and 
found aajor appl icat ion in atialytioaly s t r uc tu r a l and s to r eo -
chotaioal research probleos. A b r i e f account of tho uses of these 
spectroscopic oethods (U^» Itl, Mlin, ORD and CO) in the d e t e r -
ciination of s tereocheais t ry of bromoketosteroids i s given hero. 
W Spectroscopy 
The configuration of tho C-Or bond appears to influonoo 
the posi t ion and in tens i ty of the UV absorption band of the 
49 
carbonyl chromophoro. In 1954, Cooicson reported the s h i f t s 
35 
in posi t ion of the absorption ataxisia of oarbonyl group produced 
by the subs t i tu t ion of equator ia l and/or axla t halogens. 
Tablo-l l i s t s the wove length (In ©p) of soiae o<-iiaiogeno-7-. 
Ccotostoroids (LII-WV, CIV). The change In posi t ion of /V DQX 
by tho introduct ion of an equator ia l ^ -^lalogon lo then Indloatod 
by A^ o and the corresponding change for oxlt^l subs t i tu t ion 
by A^ a. 
It. w i l l bo seen froa Table - 1 that equator ia l s u b s t i t u -
t ion of broiaine has l i t t l e effect on tho absorption spectrum 
( A/i co-5 o^) . Aslal s id)st i tut lon on tho other hand has a 
pronounced effoot ( ^,1 oe • 23 eja). The oessureQents reported 
In Table - i asroe td th those rooorded e a r l i e r • I t has a lso 
been noticed that in geQ-dihalides the sh i f t in ^ a i s only 
about half of tho noroal . In con t ra s t , the e f fec t s of two 
brotnlne atoeis on e i t h e r side of the oarbonyl group appear to 
be additive* 
Tablo - 1 
36 
Compound 



















I t has been knoxm for many years that halogen s u b s t i t u -
t ion in the immediate v i c i n i t y of a carbonyl group in f luences 
the frequency and i n t e n s i t y of the carbonyl s tre tch ing bands in 
38 50—55 ke tos tero ids * and the e f f e c t of brominatlon i s shown to 
depend upon the stereochemical configuration of the carbon- , 
bromine bond, ^ i th ketonic carbonyls th i s e f f e c t has been most 
44 
ex tens ive ly studied in s t e r o i d s by Woodward « Ojerassi and 
gg Kf 38 ,50 ,51 ,58 
Scholz , Dickson and Page , and s p e c i a l l y by Jones e t al* 
In general , they find that s u b s t i t u t i o n of an »< -bromo-
group r e s u l t s in a r i s e in the CaO frequency of about 20 cm"" , 
The subs t i tu t ion of two bromines on the same o(-carbon atom has 
very l i t t l e more e f f e c t than one. An addit ional increase of 
20 cm occurs in the carbonyl frequency when the two bromines 
are subst i tuted on the both s ide ( o( and c< ) of carbonyl group. 
The bromine subs t i tu ted at an ^ - e q u a t o r i a l p o s i t i o n in 
a ring with a chair conformation w i l l r a i s e the frequency of an 
adjacent CaO group by /—'20 cm" . On the other hand, subs t i tu t ion 
In a polar pos i t i on does not r e s u l t in any a l t e r a t i o n in the 
38 frequency . 
An in terpre ta t ion of the bromine frequency s h i f t i s given 
38 by tlones e t a l . There are three factors which might be 
eaqpected to influence the v ibra t iona l frequency of the carbonyl 
38 
band vsh&n a bromine atom i s subst i tu ted at the c<<»oarbon atoiaj 
( l ) a aass e f f ec t , (11) an elootromorio effect transmitted 
from the C<«r bond through the C-C bond to the 6a0 bond end 
( i l l ) a oouloabic f ield effect produced by the C-Br dlpole on 
the CsO bond. 
I t seocis highly unlikely that an increase in the oarboi^yl 
frequencgr could be explained by a laasa effect when a l i gh t 
hydrogen etoca i s replaced by heavy halogen a toa . No de f in i t e 
conclusions caa be reached about th i s tsrithout carrying out a 
noroal oo-cordinate analys is of the v ib ra t ions , but i t i s also 
discounted by the fact tha t enlA^'-'iotAine substitu@nt produces 
a siaallor frequenigr displacement than an <;<«>broQine subst i tuent* 
If the r ing A of the s teroid nucleus i s regarded as 
cyclohexanono ring in the conventional * chai r ' oonfortaation, 
the oarbonyl group at pos i t ion 3 l i e s approxloatoly in the plane 
of the r ing , end the two C-tf bonds at pos i t ion 2 are arranged 
so that while one l i e s approximately in the plane of the r ing 
(equator ia l bond) the other i s perpendicular to t h i s plane ( the 
59 
axia l bond) . A si ia i lar d ispos i t ion ex i s t s a t carbon atom 4 . 
I f a bromine atom i s introduced a t pos i t ion 2 in the equator ia l 
pos i t i on , the C-Br and C«o bonds wi l l be ^proxioiate ly ooplanar 
and the po la r i ty of the C'-Br bond suppressing the contr ibut ion 
of s t ruc ture (CVb), This would r a i se the frequency of the 
oarbonyl v ib ra t ion . I f , on the other hand, the bromine atom 
39 
i s subst i tu ted at the axial pos i t ion , the C-&T and CsO dlpolos 
l i e cqiproxlciately perpendloular to one miother and tbe f ie ld 
of foot and aoootapansrlng obange of v ibra t ion frequency would be 
espeoted to be small . 
(CVa) (CVb) 
The C-Or absorption band i s a lso influsnoed by the 
stereooheQlcat eonfiguration of the carbon'^iroiaine bond. In 
60 
the s te ro id se r i e s a l l ialted nuiaber of compounds have been 
s tudied, and the r e s u l t s ind ica te that the equa tor ia l s u b s t i t u -
t ion leads to bands in the 7S0-T00 e n ' region, tvhereas axia l 
—1 
subs t i tu t ion r e s u l t s in absorption In the 590->690 ota range. 
In sooie dlbrofflosteroids ax ia l subs t i tuen t s show an even wider 
range and absorb near S50 om* . 
Table «» a 
Carbonyl bond posi t ion and s t e r l o eonfiguratlons for 
^•-broQlnated se tos te ro ids 
40 
coc^otmd 
Corbonyl Froquenoy Confor Confi* 
pos i t ion sh i f t on taotion guratlon 
-1 broalna- of C-Sr of C-«r 
















Tabic - 2 (CoaM.) 
Coapoundl 
Carbonyl Frequent^ Contor- Configu-
position stilft on matlon ration Hef. 
-1 bromlna-' of c-flr of C-Br 
tloa bood bond 
a s 
Br 
1T56 38 O f O '^.^ 10,38,61 
1716 33 
1733 17 e P 38 
1756 40 e,e f^f 33,62,63 
(ILIII) 
Table » 2 (Conta.) 
42 
Coopound 
CarbOQjri Frequonoy Conforoa- Coaflgu-
position sh i f t on tion of ration 
,-1 ' broaioa- C-^r bond of CHSr 
tlon bond om 
aef. 

















1727 16 a.a <^ r 6 
43 
HOfTever, tbere are nuiaorous exac^les In the s teroid and 
tr l terpenoid f i e l d s wliioh Indloate tliat ttie oonforotatloaal and 
oonflguratlonal asaignraeaits, s o l e l y based on tbe IR s twly , oay bo 
erroneous, IH s tudies do not give tUe cont igurat ion ( <?<or^ ) 
as there l a p o s s i b i l i t y of oonforoational cbongos 64 Fhe conc lu-
s ion reached froo the ana lys i s of IH spectra i n oany oases proved 
to be erroneous Such an exaciplo i s t^v&n here . Jones 
e t o l . 69b found two coQpounds by the brotoination of 4,4<H}ii!iothyl-
B^-HSholestan-a-ono (CVI) the l a frequencies of which wore seen 
—1 38 
at 1724 and 1727 em , This i n d i c a t e s that in both broaio&etonos 
the bromine I s equator ia l ly d isposed. This r e s u l t can be explained 
by assuming that 2 <<«>broi30ketono (CVII) c o n s i s t s of r ing A i n 
chair fortiv mid 2 R-brotaoltetotte (CVIII) tsrlth r ing A as boat foroi. 
^8^17 
(CVI) (CVII) (cvm) 
I t i s thoreforet necessary to check the assignments by 
ORD and CD studios* rf4H spectroscopy may a l s o be h e l p f u l . 
44 
MMH speotrosQony 
fho eonfortaational and eon flgur at tonal ass ignoeats can 
a l so be done on tbo bas is of N:iH s tud i e s . In obolestene (CliC) 
the aost outstanding features of the M^IH speotrua are the sharp 
resonances due to the angular laethyl groups ( C . , and C.^) . 
Resonanoe frecjuencles of those s i sna la are influenced by t h e i r 
(CIX) 
chealoal environiaent; I t p resen ts a sens i t ive oethod for 
s t ruc tu re de tonal nat ion, fho f i r s t c l a s s i ca l study of the ,H& 
70 
spect ra of s te ro ids was carr ied out by Schoolery and liogers . 
They were able to show that tho resonance frequency of ansulnr 
methyl protons i s dependent on both tho nature and or ien ta t ion 
of subs t i tucnt groups in the s t e ro ida l skele ton. Moreover, 
they docaonstrated that the frequency s h i f t s of an^^ular methyl 
protons induced by several d i f fe ren t functional groups are 
aoproxiaately add i t ive . 
45 
I t i s found thot the resoaanoe froqiiency of C.^ laethyl 
protons depends on the s toroochedlstry ( ^ or b i at C^, A 
cooparlsoa between ohemioal s h i f t s of c^g protons of jto<,l4^-. 
endrostene (CS) and 5g;,14<-Qndro8tone (CKI) showed va r i a t i on 
in the chooioal sh i f t s t ^ ieh indicated the profound effect 
duo to a l t e r a t ion in the ^eowttry of the stceleton. 
(CX) 
46 
On bending r ing A away froa tho Cj^-ciotliyl group 
(CX - CXI), the signal duo to tho C^g-protons aove dotmfieid 
by 8 cpe. Sinoo ring A i s Qoro roooto frora tho C^j-fflothyl 
g ro i^ , chongo in the storeooheoi stry a t Cg (CX • CXI) does not 
effect s ignif ionnt ly the C^^-aethyl s igna l . 
Tahlo » 3^^ 
Choaioal sh i f t s of C.„ and C^^ protons in ondrostcnc (cz ik CXI) 
a t 60 Qo ^^ ^^ 
\ 
iiiiimii>Mi•!• •••w—IIIiiiwmmwrn w i i i i w i n w » gMii .—HHIWIIMII mnmmmmmmmmm»mmBim^mmmmmmmmmm'mlmmtKtmmmmmmmimi»mmmmmtii^mw i i—iw—P^iwi^io——waf 
Compound 19a 18U 











{faring avai lable the pos i t ions of the roforenoo s igna l s , 
i t i s possible to tabulate the addi t ive oheiaioal sh i f t s due to 
subs t i tuon ts in various loca t ions , fablo 4 presents fe^ 
ear^nples of the ef fect of subst i tuonts on the ohofliioal sh i f t of 
Cjg and C.g protons a t 00 a c . 
47 
Tablo « 4, 
A posititro volae against tbo ootnpotmds (C^mi-LXVIII) donotos 
a doi3tifl(4ld s h i f t eausod by tn trod act ion of subatltuont in the 
poront ooopoonds (CX - GSXl). 
Coc^ pound 19-43 i 9 - a 13-41 18-!i Ops ppm cps ppa Uof. 




S^t i^P -Giidrostmio 
(mi) 
46.0 0.767 59.5 0.992 71 
•4 ,5 4.0.073 0 0 73 
• 1 4 . 0 ^0.233 O 0 72 
Table « 4 (Contd.) 
48 
Coispoaii(9 19-a 10-a 18-a is-e 
epe ppta ops ppm 
Uef. 
iCTdf) 
^ 4 .3 «^0,075 Ta 
*19,0 *0.31 O 0 72 
• 1 5 . 0 4.0.250 • 4 . 0 •0 .067 73 
• 1 6 . 5 •0 .275 •O.S •O.OOS 73 
(CWIII) 
49 
I t can be rea l ized froo a considerat ion of tbo basic 
sisoleton of 5<<,14<<«-androstciio ttiot ataxy of ttio nuclear pos i t ions 
ore sjraaetr lcolly disposed x^dtlt respect to the caettiyl groups* 
I t i s apparent, for oirossplCf that QKIGI oobst i tuonts ot pos i t ions 
2,4,6,8 end i t occupy foraally oquivolent pos i t ions xAth 
respect to the Cj,--raothyl (^roisp (CXIX)» aenco I t acy be a n t i c i -
pated that groups occapylnQ stscli pooitlono TTIII cause s i o l l a r 
s h i f t s at C"<19« But t h i s i s only vary a^proslaately truo because 
of s t e r l c e f f e c t s . 
icux) 
Chen s t e r l c In te rac t ions oro tainiaal , the ant ic ipa ted 
ocifuivalenoe of aooe pos i t ions holds very wel l . Hence equa tor ia l 
broiolno atoms at pos i t ions 2«<,4<< and 6 ^ cause i d e n t i c a l 
74 d o ^ f i e l d sh i f t s (4 .3 ops) on C-ld protons . Althoush a value 
for the effect of a 4 e -^roriine atoa I s not ava i l ab le , ax ia l 
2 e • end 9 ^-^sroQlne stabatitucnts cause largo deshielding 
50 
(14 aiel i& ops rc9pootlV0l}r) at C^^ cm6 one oca tborofore 
d i f f e rea t in t a readi ly bottroon oxlal ond oquatorlal broialno by 
the tfJH Qotfiod In tho obsonoo of oonforaatlonal <3lstortloa. 
To l l l t t o t ro t e ttio txao of Ki5B spootroscopy to balogonatloa 
75 problooo, o rooont applicat ion i s glvon. I t hod been roportod 
that tha chlorlnotlon of a^*-brofaoe^olostai3-3-^Qo (CM) or tho 
brotslnatloQ of 2X-ehtoroebolootcii«3-OQo (CIlH), undor IdLnetloQlly 
control led condi t ions, yielded tho eaoe 292*broaoohloroohole3tca*> 
3»ono • noxsover, the product of tho ch lor lna t loa roaotloa 
oshlbltod a C^Q-aothyl rosoaisico at S t,22, \7hereas the broalnatod 
2^*cHlorocholestan-3-ono sboned tho corroepooding pools at i ^ l , 13 , 
ostabl lohlng that they uore Indeed d i f f e r e n t . I f I t I s assumd 
73 tha t the t^o produoto ere epltaerlo a t C-Sf than I t ^as argued 
that olnoo tho C^^-no thy I resonance l e tauch oore Infltionoed by tho 
axdal a -halogen atora than by the oquator la l 2B«halogen, tho 
pos i t ion of the C.g reaoaanco in the oplisor containing a s l a l 
broialne coald rosoiable more closely to that l a 3,2-dlbroiao* 
oholootaJi-3-oBe (CXKll). S l o i l o r l y , tho C^^ resonance in tho 
eplraer oontalnlno; axia l chlorine ohould opproxiiaately more 




(CXXIl) <cxx) iGSMV) 
{CXXlll) (CMI) (cxxr) 
SlnoQ the C^Q-Qotliyl resonenoo i a (CKXII) ma (CK£III) 
oooarsat S t,20 and I.IB respect ivol^ » on tbo bas is of tl3o . 
above reasonoble but no tBoone fool-^roof arguoenti I t oust be 
oocioludod that the ohlojrinatioa reac t ion y i e ld s the 2 & -bro0o-2'^-
oliloro-derlvatlvo (CXXIV), / " Cjgal .aaJ^, ami brocilnatlon 
furnishes the 8 p-ohloro-aKrbrotao-Qnologuo {CK^), /"" i^C.gOl»12j7» 
73 
in o^rooraont tilth opt loal data • 
52 
The ohoBileol sb i f t s of tlio hydrogen attooliod to the 
halogen bearing carbon atoa in a large nutaber of ^-halo&etones 
have been reported '^. Data for atmrn o<«^rorao!ietoae5 are susaarlsec 
in Table 5, 
Table - 5 TO 
l^rotoQo roaonanoe in p< -bromoketones 







Tatol© - 5 (Contd . ) 
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7fi I t con bo soon froa tho Tablo 5 that In a l l broQo£cotonos 
the rosononoes occur t a the o 4 ,0 -5 .1 region. I t la lotorestiOG 
to note that the values for s i s oplcsoric po l r s revoal that tho 
si@nQl for the epliaor n i th on OQuatorial hydrogen appears a t 
hli»hor f ie ld than that for the eplaor ooatoining a s l a l hydrogen. 
This is a r eversa l of usual aKlal-equator ia l r e l a t ionsh ip r;hich 
nh&xm that in a tTldo var ie ty of ols-aorahered r ing systeos the 
as ia l r ing protons cftsorb at higher f i e ld than do the i r ep ioer io 
77 oquatorlnl eoimterparto • 
Therefore, the forraulatlon of ru le to the effect that an 
equatorial hydrogen atom in on oirial halouetone p i l l a l loys 
resonate at higher f ie ld than an a ^ a l hydrogen in an equator ia l 
haloUetone i s not posstible; there i s always the p o s s i b i l i t y tha t 
an on usual-combination of r ing and subs t i tuent anisotropics laay 
cause G reversa l of the order , tlonever, i t appears that escop-
t ions should be r e l a t i v e l y infrequent and the observations con 
therefore be t en ta t ive ly employed in stereooheaioal s tudies for 
conforaatory purposes, 
OHD and CD Snectroscopy 
78 79 The c losely re la ted phenomena ^ o£ op t ica l ro ta to ry 
dispersion (<mD) and c i r cu l a r Oichroiso (Ci*) ore now suff lolout ly 
\snoxm. For the vast aa jo r i ty of organic cheoical app l i ca t ions , 
c i the r method x?lll provide the i den t i c a l answer and information 
55 
dorivod froD OliD or CD nay bo ooployoa InterohctagoQtily. tlie 
30 SI Octant rule ' which was developed oxolusively froe Q largo 
body of ojitioel ro ta tory dleporsion raeasuroiaents oad which 
poraitB a predic t ion of the sign and of ton also of the a p p r o s i - ' 
aate oaplltnde of the cotton offeet of a to tone , i s ipso facto 
applicable to c i r cu l a r dichroisQ dota* I t i s c lear that trhilo 
there l a auch overlap boti^on op t ica l ro ta tory dispersion cad 
c i r cu l a r dichroioa as for as orcaaic cheaioel appl iout ions aro 
ooncemody the two aethods do oo::^lonient cccii other in ooveral 
areas in a vory desi rablo fashion. 
62 The p r inc ipa l appl icat ions are in the f i e ld s of 
s t ruc ture deteroinat lon ( e . g . locat ion of oarbonyl group in 
a s teroid or t r i t e r p e n o i d ) , in ana ly t i ca l probloDs notably those 
per ta in ing to o i s tu ros of isoogrs , in the detect ion of vjocit or 
hidden absorption bends and f inal ly in s t e reochea i s t ry . M. ouD 
curve gives inforaat ion about a l l asymcaetrio centres of the 
QOlecule, t h i s being called the 'background' or ' skele ton e f f e c t ' , 
as TTell as information about the stereooheoloal surrounding of 
a chroaophore. Conversely, the CD technique gives only inforiaa-
t lon about the ifamediate stereochemical surrounding of a 
ohromophore, i f op t ica l ly ac t ive . I t i s p r inc ipa l ly through 
i t s contr ibut ions to s tereocheais t ry tha t oilD (and honco CO) 
has passed the i ron tost of any new physical too l . 
56 
Subst l tuents c lo se to oarbonyl may of foot th© otaplltude or 
the wave length of the cotton e f f e o t , or both, latroduotion of 
hologene In p o s i t i o n K to oarbonyl producos a cHango in tlio 
t7QVolonGth of tho cotton e f f e c t { A^ of f i r s t ostroouta, or 
of CD aos louo) , 
78 The ORD curves of a v a r i e t y of ^ •bclogonated s t e r o i d a l 
B^ 8S tietoneo • havo boen oeasurcd end tho r e s u l t i n g curves hove boon 
eooparod with those of the parent ketones . All the rotatory 
dlmpersion data can be encocipassod in the a x i a l haloteetone 
8 1 8 ^ 9 1 0 2 
ru le * * * which s t a t e s i ( a ) chlorine and broiaine produce 
e s s e n t i a l l y the sarao e f f e c t tThilo f luorine behaves in a d i s t i n c t l y 
d i f f erent fashloni (b) equatoria l chlor ine or bromine do not 
create aar&ed dispers ion changes except for minor wavelength 
s h i f t s , general ly tot?ards the u l t r a v i o l e t ; and ( c ) ax ia l chlorine 
or broiaine leads to bothoohrociic s h i f t s nhlch can be correlated 
c l o s e l y t7lth the tenown u l t r a v i o l e t changes of the cbrooophoresi 
the asaplltude of d ispers ion curve i s general ly increased; the 
s ign of the •cotton ef fect* aey be a f f e c t e d . 
The appl loot lons of •ax ia l halouotone rule" to s t e r o o -
ohenloal problems are manifold, some of thoia unique and examples 
are given belom 
I t has been seen In a var i e ty of o(^ -halogenatod s tero ida l -
ketones that (a ) an equatorial <?<,-halogen causes no change in 




Of the sign of cotton e f f ec t . Thus there I s no change in the 
sign of ' co t ton effect* (-ve) in the ORD curve of 3p-acetoxy-6.;(-
bromo-5<5(-cholestan-7-one ( L I V ) in comparison with that of 36-
acetoxy-5o(-cholestan-7-one (L I I ) ; while a 6p-bromo subs t i tuent 
(LIH) shows a posi t ive cotton effect (Pig . 1 ) . 
(-ve) ( M l ) 
+ 80 
AoO AcO 
(Mvj (•ve) (iiii) 
/ 6j2>Br(LIII)\ 
Pig. 1. ORD curves of 7-oxo-50<i-steroid (LII) and i t s 6o{-
equatorial (LIV) and 6 t - ax i a l ( H I I ) broino der iva t ives 
(Ret. 91 ,93) . 
t U n e t i o a l l y c o n t r o l l e d broralnation of 3K-«aot:»yl-
5<?<-oholestan-?i-one (CKKXI) provided a broao ootapound in ntiloh 
IR Iticlicated an a x i a l o r i e n t a t i o n for TOO brurairto atora. ffec 
94 produot naa ooslj^ned as 2p-broiao-2=<'-fflietliyl-ciiol08tan-3-»ono 
( C ^ ^ ^ V ) . 
58 
( CXT^ ) 
59 
AcooriUng to tfto a s i a l hololsotono rule®^»^*»^^, i t 
T70iild be predlotod that a . oterolAal gB-broao-gK-aottiyl-a-
riotono of the SK-sorleo (CSXJUV) should oxniDit a strongly 
nos i t lvo cotton effoot . In oontrost to tho ontiolpatod 
pool t lve cotton effect curve, a negative cao observed. Ttiio 
94 
i s Incoapotiblo vTith the proposed aB-brofflo-2<<-aethyl-3-
lEotone foroulGtlon (CtXXIV), .Moverthelosa ttjo ro ta to ry 
dispersion curve alijo oonfiraod the osrlal o r ien ta t ion of the 
hnlot^en oton, since a typica l hathochrooio sh i f t usually 
associated * * with the introditction of an ax ia l broiaine 
B.tom t7hlch i s indicated in th i s case . Since the rotatory 
dispersion evidence i s not consis tent with a 2P'-brocio-2-<-
niothyl s t ructure (CXXXtV and QXKW) nor does I t pe ra i t the 
isoiaeric 2<-broao-2p-o©thyl formulation in uhich r ing A o s i s t s 
in the chair fora (CTXSIII); an a l t e rna t ive vyJatoh i s a lso 
excluded by the in and UV spect ra l data - there reraalns for 
consideration only the boat fora (CXXWI) of a«<-broaO'~2B-
iaothyl-5»<-ohole9tcua-3-ono. This presents on i n t e r e s t i n g 
93 90 Instance whore UV and III • ©easureaonts are iinoble to 
d i f f e r en t i a t e between s t ruc ture (CXSWI) ond (CXSW) ohile 
t h i s i s easi ly done byrmeans of ORD. 
•\ eorollery of tho atrial halolsetone rule i s that i f 
the absolute configuration of tho Itotono i s known, tho location 
of the asicl broaine atoa follovisfroD tho sign of i t s cotton 
GO 
e f f ec t , A per t inent osQi:spl0 i s tho broainatlon of 2,3-800o~ 
cholo9tQn-9-oae-3,3-dloio ©old (ClIXXVIII "*, ruo locat ion of 
tho brooino otoD raay b© assi(p)o<} at Cp. or C^, in cl cliar 
equator ia l ( P ) or e:dlal ( -< ) oonfiguration. Cithar UV or 
in raeastirooents ohocod thot tho holo/ron rauot bo os lo l ; but 
did not 8ho\7 whether the subs t l tuent eras at pooi t loa 5 or T, 
The lorge aaplitudc of tho dispersion curve also atiowod that 
tho bronino ciust be oiclol; I t o negative sl^n shoned that i t 
©ttst be ^Af not T»<| t h i s oould hardly have boon shonn by any 
other physical technique. 
^8**ir 
DISCUS SI OH 
Drsci/ssioN 
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Rroalnation of D<.p»< finaatwrated teetostoroiaa 
_97 
lalof^Gnotlon of tiotones a t cx^«-posttioa and oubsoqusnt 
<!ehydrohalo!»Gnotlon by base i s froquontljr oaployed to create 
unsaturated centres adjacent to Isotonic functions* Suoti 
Operations hnvo been of iiataense u t i l i t y in the f i e ld of s t e r o i d s " ' , 
nronalnation of hetones provided a nuober of noriaal as f7ell as 
abnormal products . Vo considered i t e:^)edient to prepare some 
fee to s tero ids tslth brooinos a t both o( - and p -pos i t ions and 
subteot thera to dehydrohalogenatlon. In th i s oonaootion, 
broialnation of cholest-3-0n-7«-one (CKlWlll) and I t o 3p->aoetoxy 







nrotalnfttlon of CteQle9t'"5»eii~7'»one (CXXXyill) 
l?h«n fthol©9t-5-on«7«ono (CX'^WllI) tjas treated with 
BTg/llBr In ethQr-aoetlo ac l^ mid the roactlon o i s turo oae Icopt 
asido for 30 DlnutoD at rooo totaperature. I t invariably offordod 
a product I op 143 . 
Charaotori nation of the coaaonnd. np 142° as 
5B.6c<^lbroiaochole9tan-7->ono (CSl»I) 
The oompound, op 142° ( p o s i t i v e B e l l s t e l n t e s t ) analysed 
correc t ly for CgyH^OBr^. Proia the ccK^^tosltion i t i s evident 
that two broialne atoms uore Introduced, The band at ITlO cja 
In i n spectrum suggests the presence of an unoonjusatod carbonyl 
group Indicat ing that the o t o f l n l o llnl£a«ie between Cg and c^ has 
been . l o s t . Oebroalnatlon of (CXU) with n^«*UOAc gave baols the 
parent feotone (CXKWIII) supporting the presence of the tt70 
broralncs at €« and C„* The locat ion of one of the ttiro brosiinos 
at Cg (and not at CQ) was again proved by i t s ^VAU spectrum which 
dlsiplayod a sinfjlot at S S.39 asoribablc to Cg proton. The 
s tereoforoula of (CXLI) was determined t:lth the help of Ci), SMI 
and VI data. The broiaino at C^ has been essuiaod to be o ( -or i en ted 
In v l o ^ of i t s CD curve which shows a negative cotton e f f e c t . 
FroQ the octant rule i t i s knonn that C^-BOr compounds show 
83 92 
a negat ive cotton e f f e c t • . The Cg brouine i s taBion to be 
p-oriented on the bas i s of mm and IR spectra . I t has been 
\ 0max,l38OaX. 
Brgr 0'nax.12500 
(CXLIII) (3 l9nn i ) 
Br Br Br 0max. 5 5 9 0 0 
(CXLIV) ( 2 7 2 n m ) 
200 250 300 350 400 nm 
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ohown that in .^iR speotrua equator ia l brotaino at pos i t ion a c^ 
causes a soa l l doxmfield sh i f t on C.g'Oethyl si(>nal nhilo ax ia l 
6B-broalno subst i tuent causes largo deshiolding • uaoe tho 
Cg bronlne i s talton to be o^-oriented, a dotnifield st i if t of 
CjQ-cathyl oicnal ( S « 1,54) sbould bo ojjilolnGd in torao of 
71 
ois r ing junction . thus both C. and C„ brotaiUGO have becoise 
equatorial* An aridltional evidence of the presence of equator lol 
broalnos OCQO froa IR opoctroa t?iiic!j ohocod C-^r absorption 
frequondee at T30 and TlO ea" , I t i s Imoon that equator ia l 
••1 broaine leads to bands in the 730-700 oo nhoroas a s i a l subs t io 
60 tut ion r e s u l t s in the absorption in tho 590-d90 range • The 
an.^ttlar ciethyl protons nore observed at o 1.548 (Cj,Q'-C|Ig), 
0.728 (Ci3*-Ci!3)f 0.90 and 0,81 (romxlning sathylQ), On the bas is 
of the foregoing discussion, t h i s ooopound io regarded to be 
5p,0'<-dibrooocholostan-7-one (CXLl). 
( C U l ) 
64 
fho brominalton of ap-aootox3rctiol00t*S*en->T->oao (CX^i^X) 
oas carrlo<3 out In & oanitor <lesorlbod for the ketone {QSXWlllh 
t t provided fjn© orys to l s of o ooopouad, o|i 155". 
Charoeterlgatton of tlio coopoun^. op t s s " aa 
3p-"acetoi:y~5o(fyQB'"dtbrosochqloBtan'*7«onp i€%.iAt) 
The eosipound, i^ 1^$^ aho^od olotsantal (M'&lyoiB oOEtpatlbl© 
with the forattlG ^29^4^^ ^^2 Cp*>8i^ivo Hoi i s t e l a t o s t ) tjhloh 
suggested tho inse r t ion of tt?o broalno atoms i n t o t&o s u b s t r a t e . 
-.1 
t a IR the carbonyl frequency VTQB otiservod at ITia em t7blcbi 
proved tb® presence of eji unoonjugatod eorbo^yl group, a tbor 
—1 bmds a t 1T30, 1T12 tmd 09S eo «rero ascr lbable to aoet&to, 
C-0 and C-ar s t re tobin ' ; , respeet ivelF* tieaotloa of (CSJUll) tjltb 
f.a-nO'ic %aif& baote (CfX^S) eupportlag tbe pos i t ion of bropine 
atoc»3 a t Cg and C^. StoreoehotaiJitry of Cg and G^ broaiaes was 
deterrJinod on tbo basis of CD and tVA da ta . I t s CD ouurvo sbotsrod 
poBltl"9^e cotton effect and tbus Cg broialno ts-as talien to bo p -
or ien ted . The confisuratlon ( << or p ) of Cg brooino was decided 
on ttie bas i s of Go'i»i'oton mul t ip le t ubiob appear at o 9.43 having 
half-band width of 18 Hz. llvidently th i s proton waa a s i a l ( < ) 
end the H/B r ing jmiotlon t rans > rendering the brosdne an 
o(-or lcntat lon. fhua both Cg and CQ brosiines hove boooae 
I • I 
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t rnnsdlasr lal . A s ing le t asorlbablo for CQ-O(I1 was oboorvod 
a t b 4«S in ttia spootrua. T£ie ojigular a&thyl protons t?ore 
obsorvod o tS l . a s s (C^o^^-a^* O.TOs (C^s-Cilg), 0.92 oad a.S3 
(othor ootliyl p ro tons) , CBg-COO oj^pearod Gto2,03s. 
BrooAnGtlon of 36-ohloroctiolo8t'»5*-on-7'Ono (CXL) 
BroDlnotlon of 3p~olilorootiolQst"-3-on->7'-'Ono [CSL) provlflod 
two prorluotst rap 135 In aa,Jor (uaount and another ooopouncl, 
i3p 144** froa the mothor Uqtior. 
ClinraotenzQtlon of tiie compoiind. isp 135 as 
3B«»ctiloro'-ao(,6B"dlt)ro!aoo&olcstan~7"One (CXLIU) 
'^ ho ootaDOuad, tap 135 analysed for Cg-yW^gOBrgCl and from 
the annlysis addit ion of two broalno atoos was indloatod. In 
IB the oarbonyl fraquoncy noB notlood at 1725 OQ" , uialoh 
augjjosted the proscnoe of unooajunrated oarbonyl group. In JtlU 
GG 
a ninf^let I s observed at o 4,7S ascrlbablo to Cg- o< proton. 
Sn-aOAo Bobroiainatlon of (CICLIIl) gave becfe (CXL), euggeBttng 
the other brotalne a t Cg« CD Ounro shoos a pos i t ive oottoa 
©ffoot in (CXUII) , Op th is bas is C^  bromine la assumed as 
p>-orlentod. The Cg broolne I s ascignad o( <-orlont&tloa on 
the basis of a broad a u l t l p l o t T7hloh appears at S 4.60 for 
C^- << proton in mR, Ualf-bend t?ldth (20 Ha) of th i s s ignal 
l o o cloor indicat ion of i t s a ^ a l ( o( ) nature end a t rans 
98 A/B «lng fuaotlon » proving «<-dioposltlon of the C^ broolne 
as in ( C ^ I t K 4n/tular methyl s ignals tmre seen at S 1.63s 
(C^Q-CHg), 0.71s (Ci3-CUg), 0.92 end 0.84 (o ther oethyl protons). 
On the bas i s of the abovo disouseion the ooopoond, op 133 oay 






Charaotorlgotlon of the oora?>ounc1, tap 144 an 
3p-^failorO'-4p»5p.6o<'-trlbroaocholegtao-»7-'Ono (CILIV) 
Tho ooctpound, c^ i<l4 ^ o l y s e d for C^^Hj^JiiiT^Ql, Pr&ss 
tho eoq^ooltlon, addition of throe bromino atoos 0aa ind ica ted . 
Th© in gpectrua of tho coapoaad shotTOd a band at 1713 ca in 
tfto carbonyl region, c h a r a c t e r i s t i c of tho unconjugated oarbonyl 
••1 group, tho C-Cl and C-8r atretoUiQQ tjoro seen a t TOO and T20 oa 
respeoti t rely. Location of bromines at C^, C- and Cg was oupported 
by a cheaical tranafornatlon of (CTililV) i n to an ^ , p-i insaturatod 
bee tone (CXIATIII) by tho dobydrohalogenation react ion of (CXUIV) 
TTlth pyr id ine . In NtlB a a ingle t i s observed at S 3.22 asoriboble 
for Cg proton. The s tereocheois t ry of C^-Or ( o< or f- ) oas 
ostabllohed by the help of CH curve which shot7ed a negative cotton 
e f f ec t . This suggested that tho Cg brooine I s <K -or ien tod , lb© 
storeooheolstry of Cg«-8r ( <^  or ^ ) uas deduood with tho holp of 
\Tin spootruni i^ ich enhlbitod a i^al t iplet a t ^ 4.93 for one proton 
T7hlch can bo assignod to C» proton. Half-band width (6 its) of 
t h i s Ql^nnl 9a??gost8 that the C« proton i s equator ia l In nature 
and V^ rln«» function I s e l s , proving ^ -o r i en ta t ion of tho 
C,. broiJilne. A d-ll&o broad s ignal appeiurod at ^ 3.IT asorlbablo 
-for C^ proton. Tho half-band width of t h i s signal tvas found to 
be 19 Hz. This suggoatod the axial nature of C^ proton isiving 
p -o r i en t a t i on (equa tor ia l ) to C^ broiaine • Angular aethyl 
signal's appeared at S 1.52s (C^Q-Cilg), 0.72s (C*3-Cilg), 0.99 
and 0.8*1 (recaalnin.^ taothyls). 
»»• laoMii 
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In v ie0 of the es tabl ished raoohanlBa of c<<-brotalnation, 
the following sequence I0 being proposed to aooount for tho 








fiention hero aoy be made of few importimt featuros of tlie 
'^ .m spootra of (CXLI -CKLIV) . The C^Q-^aotltyl resonanoo moves 
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^oi^fi®!^' duo to funo t loaa l i t i e s In r ings A @ad B Qa4 c»«prutoit 
I s also shifted dotnfleld ro l a t lvo to tho Cg-broaln© fro© 
coonoundQ. Tho pcreaasnet io sh i f t aoeoolated with Cg-protoa I s 
prostiaably duo to f ield effect of Cg-hrotolne t7hioh hae beea 
31 
notioed e a r l i e r a l so • 
Rosonanco duo to C^Q'Haothjrl and Cg*p^ o^ <^ QQ ^^ ^^^ speotra 
of (cirU-CffLtV) I s given be lot? (Table 6 ) . 
Tablo » 6 
Chenlcal s h i f t s of C^^-oothyl end Cg-protons l a (CJOiI-CXLIV) 
at 60 Qo 








Tabic - 6(Contd.) 
Oootpound 
Ctioaioal sh i f t (ppo) 
C.^-aetJiyt proton C--proton 
(CXLIll) 




I t oen be seen froo the above data that C.Q-oethyl s igna l s 
In (CXbll) and (CXLIII) appear a t lowerflold than that for 
ooBipounds (CKIil) and (CXUIV). This doiaifield sh i f t of oethyl 
resonance In (CXLII) and ( c x t l l l ) aay be diK> to the Cgp-broslne 
( a x i a l ; which, causes large deshleldin(s at C.^-saethyl protons , 
Though the ooiapounds (CKLI) eoid (CXUV") a l so show a doimfield 
sh i f t of c.Q-^ethyl s igna l , the deshioldlng i s small in these 
ooispotmds r e l a t i v e to (CXUII) cad (CXUII) . Since Cg-brooine 
in (CXLI) and (CXLIV) I s o<; •oriented (ogi iator ial) i t w i l l cause 
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l i t t l e destiteldlng at C^^-aetliyl protons , Tho lowerfield 
ohsraloal sh i f t of C.^-oettiyl resoncmoe i a (c:SI«l) mid (CXi4V) eioy 
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be suggested by assmnins a e l s r ing Junction Giving p -
oricfitatlon to C-obroQlno. 
Pron tho f i^ lo G I t i s also aotouorthy tbot tho Cg^rotoa 
signal for (CJfLll) and (CXLIIX) c^poars a t hlghor flelfl r e l a t i v e 
to the coapoimd ( C ^ t ) end (CIWV). Those findlngo arc l a 
aoeordonoe tdlth tho da ta given by Miolsot? ot a l . uhioh showed 
that CQ-©quntorlal proton aboorbod a t bl^jhor f ield than that for 
Cg-aKlel proton. 
nenctlon of SB.SoMUbronocholcsten-T-one (CXU) tyith pyridine 
The dlbroaldo (CXLI), op 142 was roflnsed crlth pyridine 
for 1 hr and a f t e r usual worfe up of the react ion isixture and 
subsequent cottcm chroctatogroiihy, a s ingle compound, op 123 , 
t?as obtained. 
Charaoterigation of the ooiapoand. op i ^ 
as oholest->S«-en-7-ono (CtKKytll) 
fhe compound, lap 128 analysed cor rec t ly for Q^^^^O, . 
negative Bol l s te ln t e s t shoved that the brotalnes were l o s t . 
In i t s lU spootruQi absorption band appeared at 1330 (CaCoCaO), 
and 1633 oQ* (CsC>« Thus the presence of ^ , p -unsaturated 
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tietOQQ van oonfiroed. In a ooQparloon vtith an autbentic sample 
Of parent ketone prepared aeoordlng to l i t e r a t u r e laothod , both 
the SQiaplos wore found Iden t i ca l i n a l l r e spee t s (op, t l o 4 i r ) . 
(CXXWIII) 
Yreatoent of ag-acetoay-SQC^QB^Haibroaoo&oleot^n-T-one (CIiuH> 
tytttt pyrtdino 
The dlbroaokotono (CXUl) , c^ 1S5** was refluxed t?ltli 
pyr id ine . After usual worft up of the roaotion t3ixture» followed 
by ooluan ohromatogrcphy, three ootapoundsi cq> 148 , 160 and 163** 
were obtained. 
as Q-bromooboleata* CharacteriRation of the oompound, wp 148** 
The oosapound, mp 148 gave pos i t ive Uei l s te in t e s t and 
analysed correc t ly for Cgyll.j^O^r. I t s lU spootrua sho^^sd 
absorption bands at 1670 (CaC-CaO), 1613 (pap'.CaO) and 700 oa**^  
(C<4)r). The preseace of dionone ftioiety was further revealed by 
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I t s UV spootruD ( )[ Das* 293 QQ, C 12000). Vtie tfuH speotrua 
dlaplajro^ a a u l t i p l o t a t o G«4S i^hich can be assigned for C» 
r and C^ protons. Angular nothyl slf^fiols ware soon at o i . i d s 
(Cj^-CHg), 0.72a (Cj^-Cag), 0,95 and 0,8S (rotaainlng oatiayls). 
Proa ttioeo oJjoonrationo i t lo ©vidont ttiat tlio cocpouad, cp 14Q' 
t o 6-4>roaoohol0oto-3,5<-dlQn-T-on© (CKLVI). 
CharaoteriasQtion of the coopougd, tap 16Q as ap-aoetOKy'-' 
6-brotaodiolQ<?t-S-en~7-»<me (CSLV) 
nio oorapotmd, top 160*^  (pos l t ivo Bo i l s to lo tos t ) roTealod 
analysis corresponding to the taolooular ooo^osltion C^gil^gOgBr. 
In in spectrum absorption bands n^rc seen a t 1733, 1680, 1600, 
1255 and 720 co"* asorlbablo to COg-^OO, CaC-CaO. CsC, C-0 and 
C-?}r s t r e t eh in s respec t ive ly . I t s W spectrum showed absorption 
ma^draa a t 233 na {£ 8200) trfiich also supported the presence of 
an o(, 6-unsaturated ohromophore. I t s I'TiR speotruo esJilbited 
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Q tault iplet at S 4,T5 asorlDcd^lo for Cg ( o< ) ]»roton. fh© tbreo 
Qootato protons appeared at 8 2*02 as a s i n g l e t . No s ignal for 
Q vlnyl lo proton was obsorved. jugular QotUyls t?oro observed 
at o 1.238 (CjQ-CHg), 0.68e (C^g-CHg), 0.88 eaa 0,80 (roDalntng 
taotljyls). 
Characterisat ion of the coopoimtl^ tap 163 as 
3B-acetoxycholeat»5'-on~7-one (GX%%1 %) 
The ooopound, m^ 163 sbowed negative Oel ls to ln t e o t . 
I t W08 analysed cor rec t ly for Cggn^gOg, i t s IR spootrusi showed 
I3C0. bands at 1730 (C% QO), 16T5 (OsO), 1335 (CaC) and 1240 oia"^(C-0}. 
Dand at 1673 oia suggested the presence of an O<,B -unsaturated 
betonio function which waB further supported by I t s IN spectruci 
which ohoi^d absorption aiaxlioa at 333 nci (£. 7000). In NMli, the 
Cg vlnyl lo proton was obsonred at <^  3.71 as a s i ng l e t , fhe 
C^-aalal ( << ) proton s p e a r e d as a broad laul t lplet a t ^ 4 .70. 
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r fho three aootato protons xirar© seen as a sharp s ing le t at h 2 . 0 1 . 
'Jothyl slgQQlo wero ohsorvod at ^ l.SOa (C^Q-C^a^t O.OSs (0^3-^^3)1 
0.91 mid 0.82 (reiaainlag tsethj^ls)* Frora tho dhovo dato i t was 
evident thot the oompomid, Ksp 163** i s 3p-Qcetosycholest'-S-on-7-
one (C!OOTX) tThlcli noo farttK»r oonfirood by coopcrisoa o i tb on 
atithentio scaaple prepared aooording to tho l i t e r a t u r e aethod 
Both the soc^los xToro found Ident ica l i s a l l respoote (i:^t t l o , 




Troatoent of 3p-ohloro«»3o<;6p-^ihromoeholo8tan»7-»ono (CXUII) 
wtth pyridine 
3p-Ghloro-»5c<,6p»dihrooooholestan-7<-one (CXLIll), 
xscp 133^ was refluxod with pyridine in tho usual way. M t e r 
wori^ ap of the reeot ioa oiistaref followed "ixf ooltum chromato-
graphy, i t gave 6-toroaocholo8ta-3,S-dioii-7-oao (CiSIATl), ii^ 148 , 
ootaporahle wi th the previously obtained sadiplo in a l l rospoots 
and two other oospounds, op 145** and 116**. 
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CHaraotertgatlon of the ootapounfl, rap 145 aa 
3p'»cfalorooholeet«3-ea-7<»oao (CXL) 
The ooatpouna, tap 145 (pos i t i ve Bol l s to ln t e s t ) analysed 
for Cgjfl^gOCl. I t s UV @pootriim stiot^od tiboorptlon aaslcui Qt 
235 no ( 7200) tstilolt ov^porte^ the presence of an oC» p -
unsaturated ohroaophoro« The Iti speotrua siiowed aJbaorptloa 
bands at 16T3 (C«C-C»0), 1635 (CaC) end T30 oa"* (C-Cl) . I t s 
r^ lR spootruo shocmd slgnol at ^ 5*55 as a s ing le t asorlbablo 
for Cg-vlnyllo proton. Tbs Cg-aslal ( ©( ) proton nae obsorvod 
as a a u l t l p l o t a t S 3,78, if^Qular oetbyl protons wore seen 
a t S 1.210 (Cj^Q-CS3)f 0.70 (Cjg-Cttg), 0.88 and 0.82 (roiaalning 
de tby l s ) . That tho ooopound, i^ 14S I s 3p-ohlorocholeot-4$-on-
7-ono (CXL) nae oonflrtaed by cooparlson t7lth I t s authent ic 
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aaople i^ hor© both soaples ware found Iden t i ca l In a l l respec ts . 
(CIL) 
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Cherqcterlgation of ttio oonroound^ cm ItO** as ofaole8ta-3«5» 
f J ^ ^ ^ - t — - - « < > The ooopotindf cjp 116 analysed for Cg^Q^gO. I t gave a 
ne/iatlvo Bol l s t e ln t e s t . I t s W speotrun e:i^lbitod absorption 
D©35lDa at 27a no (£ 11000) suggostlng ttio prooanoo of a caicaoao 
Qdioty* In in opootrua the preoenoo of dionono systoia x?ao Bhmn 
->l by band at 1600 c3 • Otbor froquoncios VQTO observed at 1630 
cad 1600 om" (CasC). Tbo !ls3R spootruQ esii lblted a sharp s i ag le t 
for Gg-vlnylic proton at o 5*48, fho C« and C. protons wore 
observed &t h 6 .1 as a broad SIGQQ^* Uottiyl siQnala uero 
observed at S l .aoo (C^QH3n«)» 0.70s (C.g-CMg), 0.94 end 0.88 
(otber a o t h y l s ) . The ooopoimd, op 116^ tiae found Iden t i ca l t i l th 
102 
an authent ic saoplo of oholesta-3,S*dlen-7-one {CKUVll) , 
(cxyrii) ' 
Dehydrohalogenatlon of 3g-ohloro»4B.aB.6o(-trlbroaoohoIeatan«' 
7-one (CXUV) 
3p-Cfiloro-4B,Qp,6o(-tribroniooholostan-7-one (CSltlVT), 
op 144 ^aa t rea ted t i l th pyridine under re f lux . After usual xsork 
up of the react ion mlsture and subsec^ii&oy^ ooluian ohrapt i togr^hy, 
I t provided a ooaDOunU, t^ 170®. j''*f -n-'^ i^r^ ^ ^/ 
tif ^ ^{ -tTv! oNW£R3i!^  -.-^  
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Characterization of thg ootsmound^ tap 170 as 4.G'»dlbromochole8ta-
34S-<Jlen^7«one (CgUVIII) 
fho oon^ottaO, dp ITO shoi?eS e lesea ta l ' aa&lysis eospat lb le 
tTlth tho forsula CgjU^QOar., In I t s OV epootruia absorption oasrlaa 
TjaB oboorvod at 298 oca ( €. 15000) stasgostlag tho prosenoo of a 
branched dienone syntou. In lil tho oarbonyl frequency appeared 
ot 1590 CO phlch aloo Indicated the prosoaoo of unsotoreted 
ohrOQOphore• Other frequencies 'Erore observed at IGIO (CaC-CaC) 
and 720 ca (C-4lr), In UAR epootros a oignal at S 6,55 appeared 
as a doublet of a doublet («ls7 anC 3 B^), This olgnal VOB asoigned 
to c» proton* Angular methyl s ignals viere seen a t o 1.248 
(CjQ-Cap, 0,700 (C^o-CHg), 0,95 and 0.80 (reiaalning taethyls)* 
Frod these observations I t Is c lear tha t the ooopound op 170 
I s 4,6<-dlbroQocholesta->3,5->dlen-7-one (CiCbVtII) ohloh I s obtained 
by logs of HTIr and «C1 froa (CXUV). 
?8«17 
I t I s I n t e r e s t i n g to note that the compounds (CKLI*CXU:II) 
^ave bac&; the parent ketones (CKKWIII)t (CMXIX) and (CXJL) on 
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being troatod tslth pyr ld lno , wWoh l a a r e s u l t of <lobroniinotion 
ra ther than aohydrobroolnetloo. A tentattv© ©ochanlsm I s being 
proposed (scaeiBo 4) to aoooimt for the foraa t ioa of s p -
ocotoxycholoot-S-on-t-on© (CXXHS) froo 3p-aooto:(y-5^,op-
dlbroaoeSiolostefl-T-OQo (CSUEI). 









I t I s por t lnont to montlosi tbat a s i a i l a r case of 
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reduotlvo debrocalnQtioii was observed by illomtioff <^eii tie 
obtolned S^-oholestan-S-on© (IX) froa 3<-bromo-3<-o!iolo8tan-3-





Alt the ael t lng points are imoorreotedl. I n speotra 
were doterolnedl In Nujol wltb a ferkia<<-eii!ier 23? opootropf2oto<» 
meter, mn tpeetra «ere ran in CDClg on a Fartoii ilSO iuBtwrnmut 
with iSe^St e^ the standar^i, W speotro were obtained ia aetlianol 
with a noetnuaQ UKB spootropliotoiiieter, CD eurros were tieastirea 
with a tiaseo «f<w30 spectropol&rimeter. fliC plates imre coated 
tdittt s i i ioa gel* A aosS aqueote solutloa of perehlorio aoid was 
nsod as a eprogriag agent* tdgfekt petroleOQ refers to a fraotlon 
of !>,p. Q0«6& » Aat^drons sodiisa eiilptioto ^WB used m tlio 
drying agent* liH^R iralnes are given in ppo (sa&injslet, daaottblet* 
t9tr iplet» brsbroa^i moamnltiplet centered at)* 
36«»Chlorooliole»t*li*ene 
Freshty purified tbionyl chloride (79 a l ) was added 
gradually to cholesterol (iOO g) at rooa teoperature* A 
vigorous reaction ensued with the evolution of gaseous products* 
When the reaction slackened the isiacture was gently heated at 
a temperature S0«<60^  on a water bath for i hour and then poured 
on to eruilied ice with s t i r r i ng . The yellow solid thus obtained 
was fi l tered under suction and washed several times with !<»« 
cooled water and air dried* Reoryatallization from acetone 
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gare 3p-ohlorocholest-5-ene (95,3 g ) , m.p. 9S-96** (reported^^^ 
m.p. 96-^7 )• I t gave posit ive Be i l s t e ia tes t and yellow 
eoloar idth tetranitromethane in chloroform, 
Cholest'-5-^ne 
3^^blorooholest*5-ene (10 g) was dissolved in warm 
aiayi alcohol (230 ml) and sodluis metal (20 g) was added to the 
solution with eontinuotts s t irr ing over a period of 8 hours* 
The reaction raixtare was warmed occasionally* When a l l the 
sodium metal was dissolved, the reaction mixture was poured 
into water, acidif ied with hydrodilorlc a d d and then allowed 
to atemd overnight. A white crystal l ine solid thus obtained 
was f i l tered under - suction end washed thoroughly with water 
and air dried. The crude material was reorystal l i sed from 
acetone (8 ,3 g ) , m.p, 94** (reported m.p, 89<-91*^). 
The Chromic acid oaddatlon of oholest-5'»ene 
Cholest-S-en'-T-one (CXXXyni) 
CholestoS-ene (6*5 g) was dissolved in glacial acetic 
chromium 
acid (350 ml) at a temperature of 75 • A solution of/trloxide 
(8*0 g) in acetic add (50^) was added with continuous st irring 
over a period of 2 hours. After complete addition of chromic 
add solution, the mixture was stirred for an additional period 
of 2 hours at 70-75 . The excess of chromic a d d was destroyed 
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hy th® adidlttoii of methonol (10 a l ) and tbe solvent was romovod 
hy dtstillotlOQ xmaer r&duteod prodsore* 7be residue was oartraoted 
«rttli ettier (Sd s i ar 3)t t ^ ot&areal sotntioa was wastted witti 
water tm& ttieo oxtrfiDted frith 4 z 100 a l portions of sodium 
by-dro^sido soltition <5^)« The allCGllEie extroot was aolditled 
tsitfi d i la te Dydroolilorio aold and tbte liberated organic aoid 
WQS ostreetod xAth otSior, fbe otfeoro^l solatioa w ^ vosbod ^ t b 
water cad dried (latifdroas sodioa salptieteK Ecaoval of the 
fiolvoiit g&^Q S0oo»aoid ae an oil* 7he identi ty of the seoo«>aoid 
o!>taiQod woe ©stdslishod hy i t s oonvereioo to methyl es ter , 
ismpt 103-t04** (reported a,p» lOa*'), 
The othoroal solution loft after eattrcotlon ^ t h sodloia 
hydro3s4do t?iw washed liith water end dried (anhydrouo soditmi 
eulphate). Oesoiral of tho solvent provided an oi l t^loh wcs 
orfstalliisod from methanol in small plates to give oholest* 
5«en..7«»one (C^WII I ) (750 og), ai.p, 130** (reported a»p. 
188-129 **>. 
3p«»Ac^tojryohole8t-^«-e«e 
A otlKtare of eholesterol (100 g)» pyridine (ISO ml) sad 
aoetio anhydride (iOd a l ) was heated on a voter hath for i-a hours. 
The reaetion tidacture was poured into ioe«oooled water, and the solid 
thQ» obtained was f i l tered tmder suotion« vi^bed «ith water and a i r 
dried. Heorystallissation of the orude produot from aoetone gore 
3f-aeet03orchole8t-®-ene (95 g) , m.p, i l3»il4° (reported a .p . 
115-116®). 
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fhe Chromic aetd oadldlatlon ot 3^*Acet03iyctiole8t-5-ene 
To a s t i r r e d solut ion of 3p->aoetoayoi301o8t*S«ene (54 g) 
In glaolal aoet io aoid (000 ial)« o solutloii of o^rocaiuia triOKido 
in eoetio aoid (iOO ml, 50^} was added over a period of a bours , 
Daintaining the too^erature arotiad S5«60^ throtigliottt • M t o r 
completo add l t ioa , tbe solu t ioa was s t i r r e d for addi t ional 
2 hours at the saae temper at tiro. 1*he oxcoss of chrooio acid 
was destroyed by addit ion of oethanol (30 ml) and then aoet io 
aoid (400 ml) was reooved hy d i s t i l l a t l o a under reduood prossuro. 
fh© remaining l iqnid was d i lu ted with water (23 o l ) and allowed 
to stand in aold for 12 hours . 3p-acetoayeholest«»5-en-t-oae 
(CX'HIX)separated as p la tes* was rooovod by f i l t r a t i o n under 
snotion and washed with aoet io asld (80SS), Several i ^eerys ta l l l -
eat lons f ros t igh t petroleum gave pure ketone (GXtSXX)ii3 g ) , ' 
m.p. 101-163** (reported* , ni«p, 164^). 
The Chrowdo aeld oxidation of 3p-chloroeholest-5'-enei 
3p-<nilorooholegt-»5'-en'-7-»one iCXh) 
To a s t i r r e d solut ion of 3&»-ohlorQcholest-S*ene (30 g) 
in f^laoial aoet io aoid (600 a l ) , a solut ion of ohromiua t r i o s i d e 
(1^ •;) in noe t ic aoid (36 ml, SO;^ ) was added over a period of 
3 hours , ae ln ta ln lng the temperature around 55«60 th rou^ou t* 
After ooiBplete addit ion, the solut ion was s t i r r e d for addi t iona l 
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3 hoars at the saote teniierattire* The exoess of ohrondo mid 
was tfestroyod b^ «diiiltloii ot siotlianol (30 a l ) and thea aoetio 
ootd (400 IBI) was removad by d i s t i l l a t i o n under red^ad 
prassttre* The ra^ainiog l iqoid was diluted with water (25 Q I ) 
and allowed to stand ia the cold- for 13 hoars, fho orjrstallioe 
3p«ohloroeholest*S<»eo*T«oiie (Ci3b) vhioh was separated hy 
f i l t ra t ion tinder auotion and washed with aoetio aeld (80^) 
and reofTstall ieed froia l ight petroleam (8*8 0)g a«p, i44<«-i43^ 
(reported a, p. 145** >• 
Broffliaatloh of Chole8t-^-en*7«»ono JQKWflll)* 
5,eoC*dibrooo-3p-K>holeatan»7«>»one (CXbl) 
fo the eolation of tcetone (CXXiyill) (3*0 g) in ether 
(33 lal) with few drops of BBr (as oatalyst) was added a solution 
of hrooine (3 tsl) in aoetio aoid (60 ml) at room temperature 
over a period of 30 siinutes with shaking, the sol id that 
separated within few esinutes after the addition of hrocxlne 
solution was f i l t ered , washed with aoetio aoid* The so l id 
than obtained was reorfstal i ized from light petroleum to 
provide (CtLl)(2*10 g ) , a .p, 142**, 
Analrsis. Potmdt C, 90.431 H, 7«9S 
Cg^^^OSrj^requires t C, 59.S9{ H, 8,05$. 
I.R.I ITIO ( )C«0), T20, 710 o«** (C-Br) 
M.M.R.i h 5.398 (Cfl-^), 1.43s (ClO-QHg), 0.72s (ClS-Oig), 
0.90 and 0*81 (other aethyl protons). 
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Broalnation of 3p-Acetoxyohole8t-5'-en->7-H»ne (CXiagJg;^ i 
3p*Aoetoxy*S.6p^itiroiao*8o(*ohole»tao«»7«ooe (CXLII) 
To a eolation of (GXXEI]E)(S.S g) to ether (65 ml) vAth 
tew AropB of HBr (as catalyst ) was a^dad a solution of broodae 
(5«S ral) In aoetlo aoid ( l lO lal) at room tetsperatare over a 
period of 30 islnotes vitli shaking* Tho sol id tttat separated 
within few minutes after ttie addition of brociine solution was 
f i l t ered , wa^ed with aeetlo aeld. The sol id that ohtained was 
erjrstallisEed fro© l ight petroleum to provide (CIi4lX)(4«a g ) , 
iSicp* i S S • 
Maly^e, fouadi € , 97*8S) K^  7.63» 
Cg^tt^OgBrg requirest C, 37,80} H» 7«04$i* 
0 
n 
l.R.f 1T30 (CHg«^-0), 1718 (CaO), 1335 (Aootate) and 
695 cm (C-er). 
H.H.R.f i S.46ra (C3-<(H$ lf| 13 Hz), 4 .8s (ce«"(H), 2,098 (ca»«COO), 
1.6as (ClO-Cllg), 0«70s (Cl3-CHg)» 0»9a and O S^a (other 
fie thy 1 protons). 
Broalnation of 3p'*Chlorooholeet-g*'ett77«"One (CXI«)i 
3p«-Chloro«^ .^gp'<KlihreMioohole»tan*>7'*oae ( c a > l l l ) and 
3g'"<;hlor0'"4p.9p.fli<-trlbro8gieohole(^tatt-7'«one (CXi«IV) 
To a solution of ketone (CX}«)(8.0 g) dissolved in ether 
(100 ml), added bronine solution (8 a l ) in aoetlo aold (150 ml)* 
Few drops of HBr was added as a oatalyst with oonstaat shaking 
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at room teaperataro. Tho reiustion alxtiira was kept 30 Blautes 
at room tenperatare* After Xlz hour orystal l lzat lon was noticed, 
ffio so l id was f i l torad, wasteod witit aeetio aoid m.^ reorjratallixod 
froa l ight petrotoiis) to provide (GXLIU)(5,3 g ) , in.p, 13S**, 
Analjreie. Poimdt C, 50«0{ a, 7 .4 . 
Cg^^gOBrgCl requlrosiC^ 53,03| H, 7*4d$S« 
l . n . l iT23 (CaO), T60 (C<.Cl) and 685, 090 ca"* (C-ar). 
Fr,H,R. S «»f08 (€56-<||), 4.600 <C3-i(H, t7| 20 Ha), i ,630 <C10-CMg), 
0»Ti8 (Ci3-Cag>, 0,93 and 0*84 (ottior dethjrt protons). 
The Qother liquor of (CXL) providod <CXWV){1,3 g)t 
©.p« 144** (homogoneoas hy t « l « o . ) . 
jtoaljrsis. F'oundi C, 49*4t H, 6*4« 
C-^S^-^BrgCl requiroai G, 40«3| H, ©•39;5» 
I»n,i 171S {Q'aQ)^ T0O (C-Cl) asd 730 oo*"* (C-Br). 
!3,»J,R.» S 5*228 (C6-^H), 4.93t Uko (C3-<a), 3, l7d l ike (C4-s(H)| 
1,538 (ClO-Cgg), 0.738 (C13-Cttg), 0.99 and 0.80 (other 
aethyl protons). 
Treataent of 5p.6(<«»dihroaochole8t«p^7-oae (CXLI) with 
Pyridine;Choia8t'-a«-an'-7-ono (CXXt^III) 
fho dibromoketone (CX]bI) in freshljr d i s t i l l e d pyridine 
(10 a l ) was heated under reflux for i hour .The reaction aixtore 
was extracted with ether and ethereal solution was washed 
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soooctsdiveljr tjitti «rater» dll* sulpliarlo aoid, wator, dodiua 
bloarboaate solatton (S^) and tvator end dried over anhydrous 
Ue^SO ,^ Removal of the solvent gave an oH i^t g) isttiob vas 
ohroaatograptied over s i l i c a gel (20 g)* Eluates from pet •ether* 
ether (4i l> gavo cholost-S-en-T-oao {CXXSNlllU crysta l l ized 
frota siethanol (310 ag) , ia,p. 128® (lit.®® o,p, 125-129°) 
(negative Bel lete in t e s t , t . l*a» sexna isith i t s authentic eaeople)* 
Treatamit of 3p*Aqotoxy«^<.6p*dihro8ioohole8tan'»y-one (CXI<II) 
with fyrldlnei fl-hrotaocholesta^a.g^dien-T'-one (CJCLVI). 
3p*Aeotojor-^'4ireaocholegt'»5-*en-y«*one (CXbV) caad 3g-Acetonyoholeat« 
5«ett*7-^ne (CXionrx) 
Tho dihroaolcotoao (CB*II)(3.0 g) was treated tidth pyridine 
(30 ial> under reflux for 1 hour .After usual worlcup i t gave aa 
o i l (^^2.8 g) 9hieh was ohromatographed over s i l i c a gel (60 g)« 
T^lution t?ltb l ight petrolona«-benzeQe (18>1) gavo 6-bromocholesta-
3,5-dien-7-one {CXIUVt)^ orystal l ieed froa l ight petroleoa 
(340 ng), a .p . 148® (pos i t ive Bei ls te in t e s t ) . 
Analysis* Foundt C» 70»it H, 8.8 
CjjjH^|,03r requires t C, T0,3j H, 8,895J 
O.V. I X taax. 208 na ( 6 12000) 
I.R* t i6T0 (C«0), 1615 (C«C-C»C) and TOO c«*^ (C-Br) 
H.M.R.t S 6.48a (C3-§, C4-H), 1,168 (ClO-CHg), 0.T28 (ClS-CHg), 
0.95 and 0.85 (other m»thyl protons). 
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i^nrttier elutloQ witli l i gb t petroletiB«l>enzaiie ( 1 3 i l ) 
provided 3^-Acetoxy-6-broinocholest-5-en-7-one (CXLV)^  
cryetnlltm^ front pe t ro l ( t 60 a g ) , Bi*p* idO° (pos iUve Be l l s t e ln 
t e s t ) . 
A]:ial];'9i8» Potmdt Of 66*7( H, 8.6* 
Cjj^B^gO^Br reqitiros t C, 66.7d | H, 8 .63^ . 
U.7. I X oaJt. 258 nui ( 6 8 3 0 0 0 ) . 
I . a . J 1T35 (OTgCop), 1680 (CSaO), 1600 (CaC), 1253 {C-0> 
and T20 oo""^ (C-Br)» 
H.^i.R.f 6 4.T3ta (C3-«(H), 2.028 (CHgCOO), 1.328 (C10«<3Hg), 
0.68s (C13-a|g) , 0.08 and 0.80 (otli©r methyl p ro tons ) . 
Further e lu t ioa xAth l l g b t petroloiMa-bonzono (13s l ) gav0 
3p-aoet03ty«hole8t«^«ea*7«one <cx:xn:x)| orjrstalUjsed from petroletna 
(150 tag) iB.p. 100 and a . a . p . 163 , negative Be l l s t e ln t e s t . 
Aa&lyBis* Poundt C, 78 .7 | H, 10 .3 . 
Cg^a^gOg roqulres » C, 78 .73 | H. 10.39?S. 
ir.V. i X laax. 235 nin ( 6 7000), 
I .R . t 1730 (CH3COO), 1675 (C»0>, 1635 (CaC) and 1240 en** 
N.y.R.t S 5.71« (C6-g), 4.70a (C3-<H), 2.01s (CggCOO), 
1.20s (ClO-CHg), 0,68s (C13-CHg), 0.91 and 0,82 
(othor nethyl protons). 
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Treatttent of 3p«»ehloro«>g<<»6p»dtt>romo>ohole»tttO«t*on9 ^CSMII) 
with Pyytdliiat6'-flrottoolioloat««3*S'-^0n'»7«»oa» iCWfl) vaA 
Choleata*'3«8'Hlten->7-oae (C3tt.VIl)i 
file ^broffild9 (CJSUIXI) (4 ,0 g) WQB r«fluxed «tt!i pyriaiae 
(40 ml) for t tir. After asoal workup i t was ohrooiatograplied 
over s l l i e a gel (30 g)« Elation with l ight petroIeiim«4>on2eQe 
( l 6 t t ) f ami shed (CiCUft)^ 6rrBtalUmA from petrol (3S0 mgtt 
ra*p« i4S^, This ooapoimd was identical with the preirloasly 
obtaltted eotsipotBifl (Cll«vx} from (CI3JIX) in a l l respoots, 
Pttrthor olatlOQ nlth l ight patroleum'-benzoae (I0»i> gavo 
hack th© parent ttotono (CXU), crystalllBed froo petrol (210 mg), 
m.pJ^^ and o .o .p . i 4 S ^ 
M a l y s i s . Poandt C« 77 .3 | H, 10*2« 
C-^^gOCl requires t C, 77,9} H, 10.3;J.^ 
O.V. I X ««*• 235 am (^72000) , 
I .B. t 1873 (C«0), 1635 (CaC) and 750 OttT^ (C-Cl). 
N»li.S.| (S 5»55s (C6-fl), 3.78a (C3-<H), l*21s (C10-C«g), 0.70 
(C13«C0.), 0*88 and 0«82 (other methyl protons). 
f a t h e r eltttioa with l ig^t petroleaofhenasene ( S t l ) 
provided ohoZe8ta-3,S-sliea*7-otte (CUtVIX), crysta l l i sed froa 
ethanot ( l iO aig)^ n.p.^ ^ and a.m.p. 116^« negative Be i l s t e ia 
t e s t . 
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j lnalys ls , Potmdt C, 84.7} a , 10 ,8 , 
^31^42^ requires t C, 84,8} H« 11 ,0^ 
U.¥, I "X »««• 3T8 ast iC liOOO) 
I , n , t 1600 (C«0), 1630 and 1600 CO*** (CeC), 
H,»4,R,l S Q, lbr ,8 (C3-^, 04-41), S»48s ( 0 6 ^ ) , 1,208 (010-00^) , 
0,tO (C13-CHg), 0.94 and 0,88 (other laetbyl pro tons ) , 
Dehydroitalogenatlon of 3g-'ClilorO'-4p,5p^6o<'«'trH>roaoel»ole8tan'» 
T'«oiie (C^CTJ[V)t4,a«>PlbroaoeIiole8tQ-'3.9-dlon-7-one (CXLyill) 
Tile trlbroQotcetono (CXI*IV)<1 g) WOB treated with pj^rldlne 
( 1 0 a l ) under reflaar for 2 horcff^ s .After usnal trorkup and colnen 
ohroQatogrnphy, I t famished 4,6*dlbroaoohole8ta*3,5<-dlen-7<-' 
one (CXll^Ul)t o r y s t a l l l z e d froa pe tro l ( l 5 0 mg), ffi,p, itO , 
( p o s i t i v e B e l l s t e l n t e e t ^ . 
Analys i s , Poundt C, 60.1{ R, 7 , 4 , 
Cg^^gOBrg requires i C, 6 0 , 0 | 11, 7,45J. 
0.V, I A 8I8X, 398 nai ( ^ 1 9 0 0 0 ) . 
I . n , t 1690 ( C O ) , 1610 (C«»C-CaC) cBad 720 oo"* (C«0r). 
M,M,R,l S 0 .55d,d (J=7 and 3 l l» | C3-^) , 1,24» (ClO-GUg), 




i« C« Djerossl ana t* Helkanof CtkoaAotry and la^UBtry^ 1389(1900), 
a* Q,P« lSotyBW$ «l* Aa« Chea, Soo«» JS« 4433 (I9&d>« 
$» «l«6* JaeqtiesF t^<} <}« XiO^lattalesi Bull* 3OQ« Ctliiat* (l^ranoe). 
4 , <f,C« Jei>i|ii6i^ ond J, LevissaleSi itil<l*» 1866 (1962)* 
5t E«J» Coroy, J. AiB. Cli©«i* Soo», 75, 3301 (1903)| 
fetralie<lr<»i» J# 64 <19SS>* 
6* E«J« Core^f «f« i^ Dt Cti0S}<i Soo«, TQp 179 (1994). 
7« a»!»« Slgg igaa C!i« faiaiit Halv. Chin. AotQ» J>§» 1403 <1960), 
8» a« Btitonmidt €o€ A* Wolff, Ghent, Bor*, ^ | 2091 (1938)* 
9« B,J# CoroFg J. M* ChCHSi, Son,, t g , 4833 (19II3)« 
10 . C* Olorassl and C.B. Soholss, Ibid*, J 9 , 3404 (1947). 
11« 4.!i« H l d s ^ d C. DJerassl, Ibid*, 6g, 1713 (1946)* 
13 , €«t . Slioppeo, A«B» Devlae and !!»&* I«aok| <!« CheiB* Soo«i 
64S8 (1965)» 
1 3 . A»S* MaoU, B*«y* ftlngold and C. Ojeressl , Jt Aa« Ctiem* Soo*, 
S2 , 9494 (1960). 
14«*A« Oanvaral^a, C* Oaa, «l*0« ilaoqaan^ and I«* Soltaaffart 
Rttll. Soo. Obltttt (Frifflioe), 16^ 3^  (1967), 
l»,l». fCooovakTi V. Gamy, S, Vaslokova and M, Sjrnaokova, 
Collaotlon Csaoli, Chen, Cooffitaa, 4j| , 3339 (1977), 
19, U P , Plater and n, Bttara, J, Am, Oban, Soo*, Ig, 1700(1993), 
16 , T, Taanlia ffiid 0« Halperln, J, Org, Oboai., J^, 3407 (1974). 
17, <l. LavlaallaSf •'•C, Jaoquaay. Tautsob and Georges, Bull , 
Soo, ChlB, (Pranee), J^ , 263 (1971), 
93 
13* C*W» Stioppeo and a«E. I^ aolCt ^' Ctieai* Soo. , 337t ( i90l )» 
19« I«yi« ^e i lbron , H. JaelcMiiiy &«Q*I!, jroaos and F»3« Spring, 
t b l d . , 102 (1938). 
30. I.M. IXollbrcm. B. Jaolcs9ii» Q.n.Q, Joaes end I^.S. Springy 
I b i d . , 601 (1937). 
8 1 . r i .S . JsiBad, li.E. BQiari mid @« Fcorooo, Ind . J , diem.. 12. 
4Sa Cl9T4>. '**' 
33* ShaflttllaH & Isldisaddlii, Bu l l . CHeia. Soc. (tT^oii) . . • • ( lo p i ^ s s ) . . . . 
33. D.n. Joaes oad C.W. Shc^peq* J . Ctieia. Soo. , 1004 (l^OO). 
24. S. TjolEeda (nd T. Scffitieiio, CJioe. Pbom. Qtill. ( f o l ^ o ) , 
£f 433 (f9£IO). 
33* Q.O. 6 I l l s» J . Org. CIiois., J 7 , 4397 (1003). 
20• C O . Shoppoe* S.S* l^ oy cad 0»S. 6oodPioti» «l, Obea. 3 o c . , 
1583 (1901). 
37, O.KH. 6roe» 6Qd <%.6. hmg^ i b i d , , 3333 (1961). 
33. 0.I7. Sine, O.E. Pa te l end V, l^etrow, Ib ld .^ 037 (1900). 
39. C. DJera0Sl» 0 . lloseiikraiiZt «r» Eoiao, S t . Kaufia^iii md 
J . PataM» J . ^ . ChdQ. Soo.f tZ^ 4034 (1990). 
30. H.H. Inhoffen* Ba r . , 0^ , 1703 ( 1 0 ^ ) . 
3 1 . 11. Sooor Old M. (kmalka, Totrabadroa l^et ters , 3337 (1970). 
33 . P.B. Soltmaa and it.M. Oodson, tT. Org. Obem., J | « 4130 (1901). 
33 . n . p . Jaec^san, <l. 4a. OitBi. Sao , , 0 J , 1030 (1940). 
34. e . Sobveak end B. Wbiteaann, i b i d . , J§9,9 ^*^ (1937). 
35 . I*. Bttslelea, A* P t a t t n a r and o . ^asebbacbar, Oalv. Cbia. 
ABta., J l , 800 (1938). 
38. t . S . Jdhnsan and W.P. Jabns, J . ^ . Oban. S a o . , 7 ^ t ^ 0 S (1957). 
37. Vaa P . S t r l eba l and Cb. Taaa, Helv. Obin. Aota., 37«1094(1954) 
94 
33 . a.19. JoneSf D«A, Raissay, F* Herliiig and £• Dobriner, 
J . A»« Caiea* SOG«, J74y ^ 2 8 (1992)* 
39. E.W, Waramttf J . Org, Chern*, ^ , 498t ( i 9 t a ) * 
40« P.O.D* delo^ere aad a .B, Wilson, fetratiedron I«etters» 
3777 (1974). 
4t« H«D* Ifl js , W.Kf. SpeolcejEc^  and li,o« HolBsnaat <F« Cttom. S o c , 
Clioe, Coaa*! ^9 350 (1972). 
42* t*F* l^losor, J* Aa* Chela* 3o«*« Tg, 4386 (19S3)* 
43 . R»0. Woodward and A,P, Cl i f ford . J . 4a« Cbom* Soc . . 6 3 , 
2T27 (1941). " ^ 
44 . E.B. Woodtyard, Itold,, 6 3 , 1123 (1941). 
45. ri.R. Inhotfen and Bttang-Cjlnlon, Ber . , 71 , .1720 ( l93d ) | 
1 § , 1680 (1939). 
46 . 4 . !7alla(&, ^ i t . Chem., 414, 296 (1918). 
47. E . a . 8 . Tonos and 0 . J . Wlaka, J . Chem. Soo. , 911 (1999). 
49. T, Bar, t.lf. Hellbron, G.R.B. Jones aad F . 3 . Spring, 
I b i d . , 334 (1938). 
49. H.O. Coo&son, I b i d . , 333 (1934). 
50. R.N. Jones, P. Hampbrles and K. Dobrlner, J. Am* Cbem. Soo.', 
72, 926 (1950), 
5 1 . B.KF, Jones, O.A. Ramsay, B.S, Kelr and K. Dobrlner, I b i d . , 
74, 80 (1952). 
92. R.N. Jones, P. Baniphrles, F. Herllng and K. Oobrlner, I b i d . , 
73, 3315 (1931). 
53 . E. Seebeok and T. Relobstoln, Oelv. Obla, Aota. , ^ , 5 3 6 ( 1 9 4 3 ) . 
54. T.F. Gallagher and M.P. Long, J . 61o. Ghe»., 162, 499^ ^ 
521 (1946). ' 
35. n.N. Tones, P . Quaphrles and K* Oobrlner, J . Aa. Cheo. Soo.t 
l i , 241 (1949). 
56. C. Djerassl and C.R. Soholas, I b i d . , TO, 1911 (1948). 
95 
57. B.H.W. Dlekson and >!•£• E^a e^, <f. Oiea* Soo«, 447 ( i 9 5 9 ) , 
Se, It.!9. Jones and Sandoriyt •^Cbenloal Applloatlons of 
Speetrosoopjr*, (Xnteraoienee, Hew rorlc)» 1996« 
99* 0.n,ll« Bartoo, Exper leat la , £ , 3 i e ( 1 9 9 0 ) . 
€0« D,n,fl» Barton^ J . E . Pago and C.lf* ShoppeOf J* Cbeia* S o o , , 
331 (1996) . 
6 1 , H.H. Inhoffeii , B©r., J^t 169S (1937) , 
da, C, Djerassl and G. Bosanlcreaef Bxperlontla» X* ^^^ ( 1 9 9 1 ) . 
63« L. Rasloka* W« Bossliard, W*H* Plsotter and n , t?ria, 
Be lv , Chla. Aota . , jlg» 1147 (1936)« 
64« «f. Fried and J.A, Edwards (Editor)» **organlo ftaaotlons 
In Steroid Chemistry"^ Voluae-l (Vaa Nostrond Helohold 
Corapany, Hew Yorfic), 374 (1972) . 
6 9 . B»h, El l elf H.W AlUngerf S.T* Mgy&l ond G«A« Morrlaoui 
<*Confornatloaal Anal|^8ls**« (Joiin i f l l l o f 4 Sons I n o . | 
Mew Yorit), 169, 475-477 ( 1 9 6 9 ) . 
6 6 . C. Pjerassly 1^ . Flnoti| t l tC Coolcson and Q,V^ Blrdf J* As. 
Cheo. Soo , , § 3 , 5498 ( i 9 6 0 ) . 
6 7 . C. DJerassl , H. Plnob and R. MauU, I b i d . , ^ , 4997 ( 1 9 5 9 ) . 
6 8 . D.n.H. Barton, t).A. l ievls and J.IP, iSoGlilo, J . Che&i. S o o . , 
2907 (1997) . 
69a . D.f. Cropp, D.O. DeKburst arid J . S . E . aoHcer* Cliem* end 
Ind. (London), 309 ( 1 9 6 1 ) . 
\>» Q.H, Cbandhry, f ,&. Qalsa l l and E«E,n. Jones, J . Cbon. S o o . , 
3735 (1961) . 
70. J,N. Slioolery sgad IMl.T. Rogers, J . An* Ctieot. S o o . , 8 0 . 
5121 (1958) , 
71 . a .F . Snrolier, Helv. Ctkln. Acta.* 4 | | 2094 ( 1 9 6 3 ) . 
73 . J.C. Jaoqassy. J .Si. l*etin and J , L e v l s a l l e s t Uul l . Soo. 
Chin. (Franoe)* 3444 (1961) . 
73 , A . I . Coben and S. Rook, S t e r o i d s , J , 343 ( 1 9 6 4 ) . 
96 
74. E«R« M«lliio«9l£i, M.S. Umhas^ O.II. Muller mH A.K* aose, 
Tdtraliedroii t«etters, 1161 (1963), 
T5, B.w. Waraboff, J , Org. Ctiea.^ J8» ^ '^'^  (1963>« 
76. A* Nloto»| If,A, Caat le , a« Barada, C.S* OerKoff an4 
R.O. t?lll lams, J . Aa, Oidia. So<s.« 89, 3189 (1963}* 
77, L,»i, Jaolcaan, "Apnlioetlon of Niicloar t l o ^ o t l o Uoaoacaoo 
Speotrosoopr l a brganlo Checilatry*, {Porgemonf l«oadoa), 
Pl>, 11S»119 (1990), 
7a, t , !5 , 1«oi»y, •Optical natatory Power* (lionsaans, Graen 
& Co, Ltd . , ItOQdoa), 1035t repobll^edi by Oovor PubXloatlons 
(Ino.y 'tew torte) , 1964, 
79, J,6« Posa^ <!, Ctiea, E<}ue,» JOt 593 (1963), 
80 , W, Mofflt, R,9, woodvardy A, tSoaoowltz* ^« Elyaa and 
C, njarasslf *l. /JQ, Che®, S o c , JS j 4013 ( l 9 6 i ) , 
8 1 , C. djeraasl aad t?, Klyne, «f, Choia* Soo.» 492Sf (l963)f 
3390 (1963), 
82, C, DJoraaal, "Optical Rotatory 01sporsloatAl[»plloatlon to 
Orgimlo Clioalstry" (ttcGrair«-Hlll Book Co., Hot? Yorls), 
Chapter 9 , 1960. 
83* T* Nalcano, tl« Hasegawa and C, Ojoraasl , Choo, Phar^, Bull 
(Tokyo), J ^ , 465 (1963), 
84, C, Djorassl , <l. Osleokl and t , Hers, </• Org, Ctiem,, 22, 
1381 (1997). 
89, C, Djerasal , G.J, Warawa, R,B, Wolf and e,<f, Glsenbraim, 
J , Org, Cho«,, j g , 917 (1960), 
83, C, Djeraasl , Bul l , Soo. Chin, (Pranoe), 741 (1957). 
87, C, Djeraaal , W, Clossoa and A,B. tilppaan, J , AQ, ClieQ, Soo. , 
78, 3163 (1996). 
88 , E , l . Corey wid f . J , Urspruag, I b i d , , j[B, 3041 (1956). 
89 , J . J , Beerebooa and C, DJarassl , J . Org, Cheat., J 9 , 1196(19541, 
90 , n.C, Cookaon and S,a, Oandegaonker, J , Cban. Soo , , 393 (1999). 
97 
9 1 . C. PJeraasi t J . OsiQoki* a. niaiftor mi^ 3 . tUall£or» 
J« An. Cbem* Soo«, JO, 1316 (1998). 
93» 0. 0joira8Si aa« !?• IClsrne, I b i d , , J ^ , 1500 (1957). 
93* W. Klyne «4dvaao0S In Organio CHealstiy" (a«il* ItopSiolll, 
C.C, Taylor and II. ^ n b e r g , ods«), Vol, I , p« 339, 
Intorsclenofl, Mew Yorlc(t960), 
94* 7 . Utkznr and F* Soad&elmor, J , Aia* Ctiea. Soo«, 80, 
3230 (1958)» ' 
99* R.C. OooksOfi, J , Cbota. Soo, , 282 (19S4>» 
96» <?,N, Jones, J . Am. Chora, Soo. , t S , 4839 (1933). 
9?# C. DJerassl , •Storold Reaetloas** (Holdon-Oo^t San Praaolsoo) , 
180 <1963), 
99# W*S, Blieeoa tfad D,H» WilUasis, «iippllootlon of JlilR 
Speetroseopjr In Organio Clieailstry (aold«a«4)fi{ir, 
San Franoisoo), 1964» 
—90i i?.H^, *aab®ri-md-K*aU-ta&ei3ar.a, A^Jm* Ciieia, Soo, , 73» 
0302 (1993). 
100. W.O, Dauben and (l.«l. Ponftan, lUld . , J[g, 4T36 (1956), 
101» A.H. Ullbara end E.V. TrateP, J . Cboa. Soo. , 1T35 (l93d>* 
103, Q.R. Pataraoa and C.T. Chen., J . Am, Ohaoi* Soo. , JTT, 
25ST (1985). 
103. ft.H. Bi^ar and B.I7. Squire , J . An* Ctioia. S e e , 71 > 
3933 (1949)* 
104. It.F. Pleaer and M. F leae r , *Sterold« (aelnbold Publishing 
Corporation, HBW York), page 28 (1959). 
SYMfHESIS OP OXASTEROIDS 
OX/^TGROIOS 
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Steroldf* coatainlnn an osygen otoa inser ted in to any 
of the oartoocyolio r ing cons t i tu t ing the s te ro id nucleus ore 
cel led osrasiterolds. The t t terapeat ie proper t ies of tiiese 
coFinounds fltlnulated extensive rosoorch and t h i s resul ted in 
the preparat ion of a va r i e ty of osygon hetrocycl io compounds 
n i th useful l»lolof»icol a c t i v i t y . These oxasteroids were found 
irrtportant as synthet ic interiaediates in many reac t ions . Various 
methods used for the inse r t ion of o:sgrgon atom in to the car Don 
framework arei ( i ) v i a Icoto ac ids , ( l i ) d i r ec t foraatloiT'or 
cycl ic products , ( i l l ) from azas teroids t ( Iv) v ia hishydro 
oeroslde de r iva t ives , (v) v ia seco dihydrosy eofapounds, ( v l ) via 
lactone reduction, ( v i l ) a ic rohlo logica l metUodo, ( v i i i ) X-ray 
radia t ion and various other raethods, flot?ovor, the jaost trldely 
used nethod for obtaining o:i$asteroido i s the Baeyor-Vlll iger 
osidntlon of fsetones. The present chapter deals vrtth sotso of 
the recent and per t inent exa:nples of oxasteroid prepara t ions . 
npgvor~Vll1i':i;er Uyldntion 
Hnover-Villifror o^rldntion i s in effect the traasformation 
of oarhonvl ooipowndn Into e s t e r s by peroxy ooopounds. In th i s 
rppotion onrbon-enrhon bond oloavage adjacent to oarbonyl group 
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occurs with the addition of one oxygon atoa to the r i n g . TJius 
Irotones are chmigod In to tt telr e s t e r s whoroas cycl ic Icotonos 
(jlve r l80 to t h e i r eorrospoadln;; loo tones or In te rna l e s t e r s . 
The ojd^otlon of Isotones to oorrospondlas e s t e r s or lactones 
TTI th the ttso of caro»s acid (pero^^rsulphurlc acid) t?ao f i r s t 
2 
reported by Dooyor and VlUlge r in 1899. In subsequent years 
several other poro:^ c d d o also ccno Into use, of ctiioh the 
prlnelDGl ones are perosyaoetlo acid, t r l f luoroporaoe t l c ac id , 
perbeneolc a d d tsid aoaoporphthalic acld.Mcoction can aloo be 
brought about by hydrogen perosido In tjoolily basic so lu t ion . 
The react lonsof saturated cycl ic hiotones with peracids are 
stralghtforcrard giving lac tones . In cont ras t to t h i s , o( , p>-
unsaturated ketones lead to a va r i e ty of products . 
ffaoyer'»yilllger O^sldation of Steroidal Ketones 
A. Saturated fCgtones 
Gardner and Godden reported tha t 5p-cholcstan-3-one (1) 
on hentlnfl; d t h acaonlun persulphoto and ace t ic aold produced 
4-oxn-A-hocio-3p-cholostaa-3-ono (11) . 
^8"l7 
( I ) ( I I ) 
100 
t ; l l l s Gfld Gardner osidleod 5'<-cholestan-3-Otto ( I I I ) 
tTlth araaonlua pereulphoto end aqitootis JMietic aold. fhoy obtalnod 




( t i l ) ( I V ) (V) 
.s Edward and Morand obtained a s ingle lactone* 4-osa-5p-
ctioloBten-3-one (Vfl) by the peracot lo aoid osldat lon of A-^ior-
5p-cboto9tan-3«-one (VI) . 
( V I ) (VII) 
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ft 
iTora r epo r t ed t h a t tlio U a o y e r - V i l l l g o r o^ i aa t i on of 
aomti 2-k©to-.^-noroorapotiiid9 l a tho cholootane ( V l i i , IK) md 
androsteuio {% M) s e r i e s gGvo o x o l u s l v e l y the oorros ' iondlag 
a - o s a n t e r o l d s (TTl , XII I ) and (XIV, SV), I n to r eo t i n^ i l y , QO 
3-OKG<-l80taora trero ob t a ined . 
( V I I I ) 5K-41J n , CgffjY 
(IX) 5p-?I| ft, CgH^^ 
in) Sp-H ; a , IT 
(XI I ) 5^-11; H, Cgiljy 
_(xiv) 3<«4i; a, a 
(XV) Sf-^lj tt, U 
4o(-Acotosyoholoat-3-on-3-ono (XVIJ 3^?hon t r e a t e d with 
pf»rbf»n9!»le aoid ( l laole e q u i v a l e n t ) and p - to luono sutpijonlo aold 
aono'ivdrate fts c a t a l y s t , turnlohod th r ee p r o d u c t s , 3,0«(-eposy-
4<-BOetoity-.5o<-.chole9tfln-3-one (XVII) , 6p-liydrosy-4«QO<sto^-
cho lo s t -4 - en -3 -one (X^I I I ) ond 3p-4iydroxyohole8tQ-3t5-dlen-4-
onc (XIX), i l t h an exceed of porbenzolc aold ( 2 . 5 ao lo e q u i v a l e n t ) ! 
(XVI) ".eve 5,0^-dl'iydro3Ey-4a<-acetoxy-4-oxa-A-homo«.3<3(-<jt»olo8t«n-
3-ono (XX) on ly . 
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VtT 
( 1 taole> 
( W l ) 
PBA 
( 2 . 5 mole) 
OAc 
( W I I ) 
(mx) 
8 T»lottn0r e t o l . porformecl the B a o y o r - V t l l l g o r o x i d a t i o n 
of 3f-acotosy-5o(-ohol©gtan-T-one ( S t I ) tyith porbensole a d d end 
obtnln0<1 3p»aoot03ty-Ta-^sa-3-liOQO-3e(-cholostaii-T-ono (XXII) . 




.9 Atvf&ter r e p o r t e d the* t r l f l u o r o p o r o o e t l o aoid ox ida t ion 




Fonfeon ond l l i l o s ohotred t h a t SK'-choleotcii-e-ono (XX\r) 
and i t s 3p-oootoay d e r i v a t i v e (XWl) oa r e a o t i o a tj l th perbenzoio 
forood by p r e f e r e n t i a l raJLgratlon of a ooro s u b s t i t u t e d C^ r e l a t i v e 
to C T 
%Hl 
4 
(TW) 'I, n 
(TWI) '1 , O.tc 
104 
Lator, /aitand ot Q1« took 3t<f5M))rolo<»3«<<-<;holQ8tQn-6-» 
ono (XXII) ana I t s 3p-chloro iZ\%U 3p-broao (SXSI) omi a^-lodo 
(i t 'T^l) dorlvativos for tho nest study* Sinato lactone nos 
obtained ia each cose i . e . fl-oxQ-<^-tiomo-3«('»3-oyolo»Se<-cUole0tan-
T-ono iKV3.lI), 3p-c!iloro-G-O3rc«^3-^Joao-3<<-ctiolo0tca-7-oa0 (Xif^V), 
3p~broco-6-OKa-n-horao-.3<-cliolo9taa-7-ono (XXW) end 3p-iodo-<i-
03re«D-5ior.o-5<-cholostc2i-7-ono (S ' lWDt Poopoctlroly. Proa tbo 
osldet lon of (XXt), tho toydrosy acid (SKWII) oas also obtolaod 
alonsTTltti the lactone (XXtIV), 
(XHX) ( X S n i I ) 
- OH C^OOH 
( T ^ ) 1» CI (^Ttiv) u, c i 
{XVW) U, 3r 
(WWI) U, I 
( H^WII) 
105 
Heccntly, Mm&Q ot a l . observod thot 3p-aootojsy-5(3(-p 
si tostan-6-on0 (%\Wlll) on perbonzolo aotd o ^ d a t l o n ( l nol© 
©qttlvalpnt) gewo the OKpootod 6-ox© laotono (SXSIK) as ^o l l as 
tbo loooerlc 7-oxa lactono (XL) tThicb naa t o t a l l y uaojspooled l a 
view of the oonoluslon orrivofl a t provlotisly that Dceyor-Villlgor 
osAdntlon ot ^-Ijrotootoroldls l a a s tereoapeolf lo pvooosB leading 
to ont l ro ly the fl-osa otorolda by oopcrior cji^ratlon of o raore 
subst i tu ted Cg r e l a t i v e to C^. Il i ls led thes to se ru t ina te the 
eoracld OKldation of (^W)» (?isyi), (XKt) and 3p-hyai'0^-So<* 
cholestan-(J-one {JDLrl). In oeeli case they obtained t&o Isomorlo 
taotones and ooneluded afresb that C^t though less subs t i tu ted 
than Cg, eoc^creteo offoctliroly-ifor oigraUon to on oleotroa 
def ic ient osy^on. The migration of C^ was oeen to bo ooro 
pronounced in the presoneo of sp-aubs t l tuen t , and they reasoned 
that probably the subst l tuent o te r ieoHy oronds the ^ r o a s T t l ^ n - -
s t a t e for oxidation and thus reduces the lalgration of C^ and 






(xsaax) OAc c^ ^Hg^  (XL) OAC 
(XLII) OS CgHjy (XLIII) Oa 
(XXVII) H S^17 (XLIV) H 




(XX<ri) OAc CgH^^ (XXVIII) OAc CgH^^ (XLV) OAc CgH^^ 
S^17 
1 Q Reaction of 5o(-cholestane-3>6-dione (XLVII) t?lth 
perbenzoic acid gave a monolactone, 3-oara-A-horao-5<^-cliolestane-
4,6<-dloiie (XXiVIII); react ion occurring at Cg-ketonic function 





MtmaCi and oo-TTorlrers subtaittod S^-'bro!iioobolostaa«<}-
ono ( ^ I X ) to Baoyer-Vlll lger o^dilatloa* I t was oxpeot^d that 
the preaonca of brosaittd a t Cg ^ g h t givo aosie intereDtlag r o s a l t s 
ooQoornlng the coarso of Baeyar-Vill lger oxl«aQtlon of thlo 
teotone. The tcetone (SUIX) gcro Isomorio icotoQos» 0-O2a«-a-4ioao-
3fl(«-hroaooholo8ton-T-one (L) and T'.»oxaH3-hOQO-<i()(-broaocholestaa-
6-i^no ( U ) Olid a roarrcttgod prodiiot, Ta-brooo-e-oaraHB-hooocholeot-
4*Qn-7«one ( t l l ) » 
VlT 
tfr 0 
(XLIX) (M <W) <MI) 
Bcoyor-Vllltgar osldation of 3B>aootosy*5<<«broaooholestaa* 
6-oae ( l i I I I ) gave 3p-hydrosy-4o(,5-©posy-T-oxa-^-hoao-<5 -oholestan-
0-ono (HV) , I t s 3p-boaa!Oato (LV) and 3p-hydroaty3-*roaio-7«>K>xa-
B-hotao-go(«cholestan-6-ono (LVI) . 
( M i l ) iuv} (LV) (yfl) 
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A tonta t tvo dooheniSQ, Involving tho attaobc of ijro:?ilnQ 
ratfleal ot one s tage , was proposers tor tho oonvorsioo of {MdK} 
to {hit) (S©feo©c-l)» 








'lothaan ot n l . obtained a alnsl© lactone (LVllI) from 
tlio naoyer-Vlllifter o^dLdntion of hoougenln aootato (LVll) usinAS 
pnrnootio and perbonzoio aoids* Later Oladon @acl .Icleatcln 
rRtnv©9tl'^ate«3 this roaotion and reported tho foraat loa of 




(LVII) (LVIH) (UX) 
Ifi I7endler c t ot reported that perbcnsolo acid oxidation 
of 3<j(-aoetosy«Sp-endro0taH^-ll,lt'-diono (i*X) afforded the corroa-
ponding IT-o^m laotone (UXl) only. In enother onporloont Uordon 
shot7ed that perbenatolc o d d oxidation of (LX) a l so afforded 
the iooiaorlc lactone (LXtl) alongwlth (LJOt). 
16a 
(Lt) (L t l ) {Liai) 
110 
naey©r«Vlllig©r o^da t io t i of << t p-tinsQttirated ^otooes 
speola l ly per ta tnlng to r ing A ens u liccve been staaiod reoontly* 
A trftfie trariety of products has »>o©n obtalnedt fro© tb@so reaotions* 
the tiatare on& cooposltlon of products depondlag largely opoa tHe 
€txtdmit tt90<t, i t s cooceneration, c a t a ly s t and tfe© roac t loa per iod. 
17 In 1941, Sateoon reportc<2 tha t osl<3atlon of cSiolost-
4-eii»3-ono (LXIII) with potassium persulphato and sulphuric aoi^ 
IS yielded a neut ra l corapoond and an ac id . Turner Idont l f loa tho 
n@tttral product as 4«03Ka-So(j-chol©gtan-3-ono (tjKfV) i»i<i acid as 
111 hydro O l d ' s acid (CW)* P e t t i m4 co-i?or^cr a lso obtained 
(tilffV) hy the peroxysulphuric acid osl<latlon of (LHIZ) . 
Vhr 
HOOC 1 J 
HOOC 
( L t l l l ) (LHV) (LBT) 
Ill 
20 Caspi et a l pertoraod tho aooyor-Vll l lger osl<latlon of 
l lp-hydrosyendro8t-4-eii-3, i7iSione (LXVI) t^tiioii yioldod two 
tnotoneiay th« onol Inotoae (LSVII) and the opoxir lactone ( t s y i l l ) , 
+ 
{hwD (LWIl) (LWl l I ) 
.21 Ccopi and oo-.T7orber reported tbat the reootloti of 
teetootoron© propionate (LXIS) t^lth hydrogen porosldo cad 
solonluQ d l o ^ d e In t -huty l alcohol provided tho C-lcotono 




(Llll%) (h%Z) ihKia} 
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22 Plntiey and Schaffnor r e p o r t e d tUot tl^e Oaoyo r -V l lUso r 
os ldat tos i of eho los t -4 -on -3 -oa3 ( b X I I l ) wi th t r i f l u o r o p o r o c o t l o 
as iS isi buf fe r s o l u t i o n afforded 5»fers5yl-4-osG«.^o^-.o&ol©staa«-3-
one (LTOTf) end 4p,5-©posy'-5p-chole8tcn--3-one (U^KIIX). 
CJL 
ClfO 
( L i n i i ) (LXXII) ihxun) 
23 flaajur e t o l o tudlod the pe rac id o s t d a t l o a of t e s t o * 
s t e r o n e a c e t a t e (LXXIV) i n d t e to i l , Triey oboervod t h c t the 
ijrortucts obtolnod rnid t h e i r r a t i o depended on the q u a n t i t y of 
peroold used, c a t a l y s t and on r e a c t i o n t ime. Oxidat ion of (L;^.'av) 
wi th porbenzoic ac id ( l laole e q u i v a l e n t ) i n the proscnoo of 
anhydreuQ p e r c h l o r i c ac id for 12 hours gave iTp-ecotoxy-^oC, 
3<-opOKycholestan-'?-one <l*XW), lTp-acotosy-4-osG-.A-homo-'androat-
4a.en-3*ono (LXWl) and t7p-aootosy-s-.foriayl-4-ox6-S<;(-andro0tnn-
3-one ( L T W I I ) , 
pAo 
Qdo 
fLTtIV (UXXV) ( U\V/l i (l>«XVlli 
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Tho Qposy kotone ihXV!) ood threo other products , l ? p -
ocetOTrr-4a,3-opoxy-4-oxQ-A-4ioaoQin5rostiin-3-ono (LlK^III , LK'01[) 
esiS methyl 17p~asstosy«-3,5»soce'«4'-Bor-Sp'4!yar03sj'-»S<--fore?^l 
Hydrostcn-a-ooto (tiXlt) raero obtained vMon (LIIIHV) uca trootod 
tTitli porboiQBOlc GOld (2 Qolo oquivalout) in tho proaeraco of 




The o^cidation of {LXiCLV} n l th 4 taole equivalent of 
nerbenzolo acid In the presence of anhydrous perchlor ic acid 
(94 hours) gave the ©posy feetone (UXXV), the oposy lactone 




( LtXSI) (ucxai) 
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Tfio perbenzoio aoit! ( 3 oolo o q u i v a l e n t ) ox ida t i on of 
(hX^tV) In th© prosonee of cu|ueous pero t i lo r io aotdi for 12 hours 





i^on ia-o!iloroporbeneolo col<9 v&s usotf a s tfto OKldloing 
agent end equooua p e r c h l o r i c ac id 00 th© c a t a l y s t (12 h o u r s ) , 
(Tjif'av) ftirnlohod the o - l o o t o n © (L'SJOail) , t h e A-norkotono 
(hTV^V), the iQotone oldehydo ( L t W I I ) md l T f - o o e t o a y - 3 , 5 -
sooo-<l-aor-5<-ojfa-3-hODoniidrostan-0-one-2-oarl>oj!yllo coltl {i .SOy>. 




24 PtBhey ana Schaffneir repeated tho i r osiperioeat tislng 
perDenzoio aotd as th© oxidising agent ao<5 anhydrous peroblor io 
aoia as the oa t a ly s t . 'Shuts c&oloot--4--ea-3-one (LSIII) prn^iaea^ 
4o(,S-opoxr-3»(-cbol0stan-3-ono (LXX^I), 4-axa-A-!ioao-olioloot-
4a-en-3-oa0 (LSX:^!!), S-forqjrl-d-osa-S^K-cholootea-a-oao (1»S!1II) 
and 3,5-geeo-d-iiorclioloBtaii-5-ono-2«oorl)osylio acid (UIXSSTIII). 
(L?tIIl) (UXX.WI) ihSXV^ll) 
(LmWlll) 
In order to inves t iga te the effect of substltuefit in 
the olose v i c i n i t y of 4--on*3«one moiety on the course of react ion 
and profluot d i s t r i bu t i on , 6p-«jroaoohole8t-4-en-3-one (litK:XIS) 
was subjected to perbonzoio acid oiridation xsrhioh provided the 
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product of prlraory oxlNation ana o. brooino froo i^-leotoa© 





2B Ahmad o t a l c a r r i e d out tho B a e y e r - V l U i g o r OKi<3atlon 
of chol©0t-4-eiie.-3,6-dlono ( ^ 1 1 ) trhtch govo vory In to ros t iog 
rosul ts» tJitb 1 oolo oguivaleiit of porbonzolo acid , (]£CII) 
(ime 3-liydroay-3,4-osriaooSiologt-4«oii-<i-ooo (XCIII) , ?o<-SiydroKy-
cholo9t-4-0nc-3,6-(3iono (XCIV) ©id "i-^yarosy-O-aotliosFctiolesta-
4,6«dlon*3-ono (ICC?)* UltH 2 Qolo oquivaleitt of porbonzoio 
aolrt, (iSJIl) afforded (XCIII) and a novol oxetalacton^, 3,7a<<-
oxldo-3-oxa-A-ljO8JO»3«(-.ctiol09tone-3,7Milono (SCVI). witli 3 taol© 
equivalent of perbenzolo aoid, (XCII) furaistied ( ^ V I ) and I t s 
product of further oxidation, 5,Tao(->oxido*3,6«*diosra*.^,3<-bl8bOQO-
5o(-chole9taae-3,7-dione ( JKJVII). 
PBA ^ ( l ciole) 
(XGIl) 
(g laole) ^ 










Heoently Ahmad et al oxidised 3p-aoeto:syoliolo8t-4-
on-0<-OQe (^;VIII) with different oonooa tra i l one of perbenzoio 
aold and obtained a variety of rearranged products, un treatment 
idtti 1 mole equivalent of perbenzolo aold (p<»toluenesulp^oalc 
aold Qionohydrate as oatalyst) {Willi) gave 4>bydrojtyo!iolesta* 
lis 
2,4-M31en-6-oiio (XCIX), 3p-aoot03Qr-7<>bydrosiyQtiolo8t-4-oQ-6'»ono 
( C ) , 3p-aootoay-6,T-aQoooliolo8t-4'-on-a-forffl(5rl-0-olo ooid (CI) 
and 5-koto<^,d*seoooholQ9t:-3«eii«d->olo aott! ( c l l ) , d ioa t r o a t o d 
xdth on oxoess of porbenzoto oold ( 2 . 5 ciolo o q u l v o l o n t ) , (ECir i l l ) 
pro^idofl ( C I ) , ( C I I ) cad 3p-Gootosy-G,7-socooholoot-4- .^o»3,8-
(Sioorboxsrlio aold (CI I I )« 
AcO AocT^^^^ 
(xcvm) (XCIK) (c) 
(2 QOIQ) 
AcO 





AOO A^;:>k^ CO OOH 
^'^^^ 




Soan tJiseellaneoua t^ xaaipXos 
29 Benorjee e t ©1 roportoS the preparat ion of lO-oxa-S^-
6!iaro8tGne-3,l5«^loii0 (CV) t>y tbo osldotlon of iS,17->seoo«>2}-






Kutnoy ot a l proparod 3p-liydrosy-ll-oxa-^<?(,22p-
Of»lrostQn-i2-oiio (CVIII) startlnji; froa 9,11-doliydrotiooOQenla 
aoetato (CVl)t t^ioBi was ozontzoci to give ap-aootosy-i^-oxo-
9,13-sooo-ll-«oor-25-lso-3<,22p-splrostaii-13»oio acid (CVII). 
lo t ion of soaitia Uorohydrld© on tho Icoto cMsid (CVtl) provided 
tUo lactone (CVIII), 
AoO 
(CVI) (C/ I I ) (CVIII) 
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30 Hodewald ©t al portormed tbo Ba©y©r-VHliger rearrango* 
caent of tlio osonidos obtained troQ a-aoroholestones (CIX» C l ) . 
The products obtalnod woro lioto soeo aolds (CXI, CHI) ona 

















31 Ahraa«! and PI H a l p©rforra9di the Baoyor-Villlgor o:sl Nation 
of oholesta-2,4*dion*6-<iae (CSB') tjlth porhonzolo acl«3 (2 .3 ool© 
equivalent) and p-toluonosulphonio aoidi odnohydrata as OQtaljrst 
tsfhleh afforded 2i<,3<-osldo-3,0-sooooholcst'*4-en-T-.ol*"6«olo 
aoid (CWTI) ©arolasivoly, ^ p a r o n t l y tho reaot loa involved the 
forrantlon of the intermodiate (CWI) TsUicii suffered hydrolysis 




^ ^ ^ ^ ^ % ^ OH 
(CJOTII) 
33 
flCoeor {tfid Kurok oxidised lT<-Giotliylandro3ta-l»4*aien«-
lTp-ol-3-on© (Civ i l ) td th altcoliao HgO^ in Dothoaol. Tbo 
ootspouQd (CSVIl) afforded tla© dioposgr tsetono (C i^ IH) oofl ©posy 
iQctmQ os te rg (CJDtK) cad (CM), s i ta l lor ostdat loo of (CSSrill) 
cavo r i s e to (CKIX)« 





33 J&kmad and oowortcer oarrlo<3 out the perbeneoic acid 
osldQtloa of t3Qthyl S-£coto-3»6-8eoootiolG0tan'-^«oate (CKEZ)» 
oothyl 5-koto-4,5~9ecooSiolostaiie-4"-oate (GKSLl) and taetbyl 
5-^ot<i-3,6-sooooIiolost»3-K>n-9«H9Qto (CXni I ) using p-tolusnesulptioalo 
aold Qonotaydrato oe c a t a l y s t , fho ooispotmd (CS^) afforded 
oetliyl Sa«oso«-5-fi:Gto-.5,0-»sooo<»A~hoiaocholostan-^-ooto (CKIXV) 
and it© p o r t i c l hydrolysis product 5a*oxQ-S-Jsoto-5j6'«-sooo-A« 
hoaocholostoja-Q-oio acid (CKW). 
CUUCH. QOOM 
(Cira) iCKXlV) (CXW) 
The ootapound (QXSCll) gave isoraorio laotones» no thy l -
3-oso-S-koto-4,3-seco-IJ-*ioiaocholestQn-4-oato (CXKVl)t CKstliyl 
6-oxa-S«ltQto-4,S-sooo-Q-lioiaooholeQtaa<-4-oato (CESVII) cad 
3-osra-6«k©to-4,3-aeoo«-O-lioiaocbol©9t0n-4-oio acid (C^WIl i ) 
( a product of p a r t i a l hydrolysis of (CXSSTI)). 
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HgCOOC H^COOC 
(CltXIl) {CtWl) (CSWII) 
HOOC 
Osldotlon of (CXXIII) furnished lasthyl 3<,4<-0poxy-5-
keto-SfO-eeoooholestan-Q-oat© (CXXIX) and odthjrl 5,6-'8<3CO-3<,4<;»('-
oposy-S-&oto»5a»oxa-A-lioiiochol0sta!i«-6-oato (CXKX). 




Do Ooor and Gllt^anger carried out tlio Baoyer-Vi l l lger 
ojrldatlon of /^*^®Lootalone-3 (CIK^) and A^(®).iinianono-2 
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(CSL) ^ t h poraolds. TJio porooid os ldat ioo of (CXIC^) gave tli© 
©posy irotone <CXX^I), the onol laotono (CX^3Ctll), tho oposy 
lestQnas {CXXKIV, CXXVf), t&e alMehyde laotoaos (CXlXvi, 
CfC^nVIl) and the foraate lactones (CiCXKVIII, CX)nax)(Scl3ioao a ) . 









Tho oxidation of (CXl.) vitti peroolds furnished tao ©poxy 





neoeatljr, JaoU and Coodtrord porforcsod ttie o-ctiloro-
Derfiensolc acid (ycPDA) oxidation of cyolopropenonos (CKLIV) 
and { GLV), Thuo di-tort-butylcyolopropenono (GXLIV) reacted 
glotrly n l th an osroess of riCPBA to y i e ld d l - t e r t -^u ty laoo ty lcne 











Sohetae 3 was proposed to acoonnt the forjiatlon of 
(CXLV - e x i t ) froa (CX^JIV), One equivalent of CO^ was produced 
flaring the course of the r eac t ion , fhe oarbonyl products 
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8«gg08ted tho Interaodiaoy of oxlrene (CL.IIX), a Eilsftly roaotlv© 
Bpeoles t3liloh was oinpootod to ylold atoble products vita tho 
Isooorlo ttetooerbone (CLIV) . A pathway to oxlreae ( C U I I ) 
proooodod by vjoy of tho oso-hlcyolobutonone (CUll), Mduot 
(CL) foroad by th© cdditiora of peraoid to (^olopropenoae (CSLIV), 
end a Icotono (Cl»I) wore also proposed as in toroodiatos for 
tho foroatloa of aootyloao (CXUT). 












Th© MCPOA ojrtdatlon of dlptionyloyoloproponono {CLV} 
vio lded dlpltcnyl aoetjrlone (CWl), boQzophonoae (CWll) ojaC 
h o n s t l (CLVIi r ) . I d e n t i c a l t r o a t a c a t of (CL.VI) r e s u l t e d l a the 
p a r t i a l convers ion of (CWl) t o feetoaes, (ci#VII) m4 (CbVI l I ) , 
33 An ojdretio TTOS Ofjoln pos tu lo tod as t&o ttey l o t o r a o d i a t o • 
^ Pb-CSC-Ph • Pb CO • PhCOCOPh 
P h — ^ ^ ^ Ph 
(CtiV) (CWl) ( C L n i ) (CLVIII) 
SPSCfttAL DAfA OP SOMS OXAStmOim 
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Table - 1 
S o o c t r o l data o f goas Oj^astoroids 
Coopotmd 
- 1 > 1 (ota aa» M . ' i . t t . ( ^ ) Kef. 
dK 
04fi 
t730 ( ' - l a c t o n e 
CaO), i?24(aAc) 
3 . 8 4 d , d (C3-<<iI| 
J o i i * 5 l i s t 
J^ a 4 . 3 H z ) , 0 . 9 9 0 






1 2 ^ (OAo) 
( A Qos. 239 nta) 
4.01ra ( C l T - a ) , 2 .040 
(ClT-OAcJ, 1.20 
(ClO-CHg) and 0 . 8 4 8 
(C lS -C^g) . 
33 
(CLt) 
3490 ( - o n ) , 
1719 (-CO-tl) 
3 . 3 1 s (C4<4t)| 3.67Q 
(017-41) , 4 . 0 ( C l - * l 2 ) , 
1 ,05 (ClO-Cgg) and 




Table - l (Contd.) 
nmn—;^ —• 
(cm"*) '^'^^' N .M.R. (b) Coatpound Hef, 
PAo 
( K ^ 
1730 (^-lactone, lO.ls(CHO), 2.75ia(C2-fl2), 23 
aldehyde and l.ls (ClO-Cgg) and 0.84s 
acetate cartoonyls) (C13-Ctf„) 
(LXXXII) 
0 ^ 0 
OAo 
1745 ( S - l a c t o n e , 9.67(CH0), 2.55m(C2-§2), 23 
aldehyde and 1.16e (ClO-CHg) and 0.81s 





C„n.- 1730 ( € - l a c t o n e 8 17 
carbonyl) 
4.37m (C4a-<H), 1.47d 





Tablo - l(Contd.) 
Co^ound 
I.K. 
(ota""M V Blm* ,M.ti,R, iS ) Uef. 
(CLXITT) 
Prf^lT 172S ( ^ - l a c t o n e 
oorbonyl) 
4.3a (C4a-pa), t.32«a 
( C 4 Q - C ( C | I - , Ja7 l i s ) , 
0 . 9 3 0 (ClO-qCg) . 
40 
(tur) 
^S^IT 17400 (CrtgCOO-), 
I 7 l 3 s ( ^ - i Q O t o n o ) , 
12SOs ( a o o t a t e ) 
1205 did 1033(C-0) 
4 . 6 6 b r ( C 3 - c ^ , 
u | o 14 n z ) , 4 . 1 
(CTQ-fW), 4 . 0 d 
(C7a-DlH, J a 3 . 3 n a ) , 
2 , 9 2 d , d (C5n3(a, 
J^ o i l ilzt J„ »5 l l z ) , 
2 . 0 3 s <-Cuu-CHg), 0 . 9 0 





17188 (^ -iQOtOQO)» 
1245s ( a o o t a t o ) and 
1035 ( C - ^ ) , 
(XXVITI) 
4 . 7 3 b r (C3-oOl, 
r^ a 14 H z ) , 4 . 2 9 d , d 
(C5-c(d, J„ «10 Uzj 
J o 3 . 3 l l z ) , 3 . 5 
(C7a-p!a), 2«42(C7c-o(J, 
J » 3 . 3 U z ) , 2 . 0 s 
(-COUCH3), a.OOs 
( C l O - q i g ) and 0 . 8 0 s 
(C13-CJg) . 
131 
Table - 1 (Con td . ) 
QnmneiiimA D sazT W.fi.jBU S ) a@f. 
S"lT tTtO( £-lQCtOBO 
oarbQtisrl) 
4 . 2 iracCCTa-a ) , 





1710( C- |Gc tono 
oart>onrl) 
2 .3 ojaoCCTa-ilg), 
©•00s (ciO-CHg) and 
O.Tls (Gia-Cgg) . 
14 
(L) 
3 4 6 0 ( 0 H ) , ITIO 
( G - l a c t o n o 
oarbonyI) and 
360 (epoxy) 
4 . 2 lao (Cta- f lg) ! 
3 .7br (C3-<H, 
r4 » 13 Hz, 3.2d 
(C4-l | , r«3 Hz) , 0.938 





f o b l o - 1 ( C o n t d . ) 
—nir 
Coppoun^ (Cffl""*) V taojc. M.! l . f l . (S ) Hof. 
c«rr 17S6{enol l a o t o n o 
oarbonsrl) cnS 
1660 (CaC-0-) and 0 ,T2s (ClS-CEg) . 
( W I ) 
S^' lT 17358( £ - l a o t o a o 
o a r b o n y l ) , ITOOs 
OCaO ) and T20 
( -C-0 ) 
4 ,2Tn (02-^12), 3 . 1 5 -
2 . 3 Q (CAa-^g) , C5-4I 
and C7-« ) , 1 . 21s 





1703 and 1734 
( Y - l a c t o n o and 
taettiyl o s t o r 
o a r b o n y l ) . 






Table - 1 (Contd.) 
Corapotmd 
1 • » • . 1 
M.tl,R.(S ) »ef . 
OAc 1763, 1733 (onol 6 , 0 5 Q (C4a-^), 2.61a 23 
lootORO and iC2^^), l . l l 9 ( C l O - © i g ) , 
cwjotato oortjonyls) end O.Sls (Cl3-Cr|g), 
ond 1644 ( CaC ) • 
( LKXVI) 
OAc 
1773 and 1739 4 .76s (C4a-|t} , 2.6ia 
{C-laotono and (€2 -^2) , 1.188(ClO-CHg>, 
aootate oarboayls) and 0 . 8 i s (ClS-Cii^), 
33 
(L t t lX) 
| V l 7 *®®^ (CaC-^-O) 
1606 (CsC) and 
690 (C-Or) 
( Xaaat. 232 nea) 
6.08 (C4a<41), 4.9oi 25 
( 0 2 - 0 2 ) , 3.7m(8r-C6-«), 
1.6a (ClO-qig) and 
0.77a (C13«qig) . 
(XC) 
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Tablo - 1 (Contd.) 
{em" ) Cos^onnd VoaK. s,i.i,u»{S ) lief. 
S«17 
17989, i720a, 
llSOia, IHOia and 
920s . 
5 . 0 s (C7Q-a), t .O l s 





? ^ 1 7 
1 7 9 3 s , 17358 , 
1200Q, 1142Q and 
9208 
5 . 6 s (C7Q-4t), 4 . 4 t 
{C2-«2» '^  « 3 H z ) , 
1 .05s (ClO-CHg) and 
0 , 9 0 ( C i a - C i l g ) . 
26 
(CWII) 
1740 and 1720 




(C4-«a * C7-4J2), 
1.238 (CIO-CH3), and 
0.808 (ClS-Ciljj), 
33 
(Crt iv ) 
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Table - 1 ( C o n t d . ) 
Coispound 
I . u . 
(cm"*) V max* M.J,B.(<S ) fief. 
cooca. 
1740 end 1718 3 . S 8 s (COOCH^), 3 . 3 Q 
(mathyl o s t e r end (C3«H| and C4-II), 
£« l t io toao a .3br {07'^^)^ i . 3 S 
c a r b o n y l s ) (ClO-Cjig) ead 0 . 7 8 




1740 and 1720 
(methy l o s t e r 
and C - l a c t o n e 
oarbony lo ) 
3 . 6 s (COOCUg), a .28br 
( C 3 - § 2 , 0 7 - ^ 2 ) , 1 ,28s 






1742 and 1720 
(methy l e s t e r 
and C - l a c t o n e 
c a r b o n y l s ) 
3 . 5 3 s (COOCOg), 3,84iB 
(CO-OCHg)* 2 .2br 
(C3-i i2)f 1.00s(C10-CH3) 





Tefble - 1 (Contd . ) 
Co^oundl 
I , t t . 
(om-*) ^"^ Vi i».:i.8.(S ) ttof. 
it 
t754 ( ^ - l a c t o n e 
c a r b o n y l ) , 1694 
( CoO ) . 
3 ,90 (CIT-Hg), 1.03 m 
(ClO-Cgg aniS Cia-CSg) 
DISCUSSION 
HXBOVmiGB 
Baeyer-Vil l lger Oxtdatlon of °c .p-ansatoratod icetonea 
The peraoid oxidation of lietonee to ylold o s to r s , a 
react ion imrolvlttg a roarrangeiaeitt ^liose aynthotio and laeohaaistlo 
aspeetQ isor© f i r s t disotissed by Baeyor tmd Vi l l i ge r # has beoa 
the stibjeot of estenalve invostlQatton in tbe pos t . Aaong kotonoa 
of a wide va r ie ty of organio ooopouads vfQTo the s t e ro ida l bretoaos 
a t d i f fe ren t auoleor poal t iona, TTtiiob wsr© put to Baoyor-Vllllger 
oxidation under veurying oxldotiire conditions nbiob included 
d i f fe ren t peroxyaolds and o a t a l y s t s . 'Tbose provided a nuober 
of aonaal as isell as abnormal rearranged products , fbe reaot loas 
of sltuple tcetones atralgbt.forwardly provided noroal produota but 
a l au l t ip l lo l ty of products wa® noted froo the react ions of ^ # P -
unsaturated ketones with per ac ids . Reaction of s t e ro ida l 4-en-
3-ones t^ th per a d d s have been thoroughly studied In the past 
and the taechanlatlc pathways Involved in these In te roa t ing 
22f 23 
trrmsforaations have been f i r a ly establ ished by e a r l i e r workers • 
I t was however, noted that in cotapariaon to r ing A 
o( fh --unsaturated ketones* the peraold oxidation of r ing U 
conjugated enones was only p a r t i a l l y explored, fhis pro:^ted 
us to study perbenzolo acid oxidation of 3p-chloroeholo8t-3-
en-T-one (CLXIV) under varying concentrations in view of the 
1 ' 7 O 
1 t » » 
fonaation of sotae Intorestlng products, flie folionring discussion 
frill aeaonstreto that this proposal met t^ltti oonslderahle degree 
of antloipated suoooss. 
(CLM?) 
Reoctiori of ap^ehlorooholest'-S-eH-'T'-oae (CfaXIV) with 
perhffngoto acid 
Reaction of (CLKIV) «Lth 1 and 2 oole equivaloat of 
pftrbenzoie acid and subsoqii^nt column ohroiQatogr{^)hy provided 
four produets, la.pts- 106**c, il3®C, 140**C and i70**C, tlith 3 
laole equivalent of perbenzoio acid, iChViV) provided in addition 
to tho four products above, a product m.p, 180®C» 
Characterization of the compound. n,p. 109** as 3p-otilorO'-5«6o<« 
03rtdQ«5o(«»ohole8tan«'7*one (CLW) 
The conpound, a.p. 106 , analysed for Cg^^^o^Cl frtiich 
indicated the addition of one oaygen to tho substrate* By 
139 
aaalo.'3F and general oons I derat ions the s t r ao tu res log ica l ly 
der ivable from the parent icotone a|>on addit ion of one oxygen 
atom are the epoarides (CbW) <^d (€l*;^I) and the laotonee 
(CLWIT) ond (CLSyitl) . 
(cwiy) Soc, 0-< 
ichwt) 0p, ep 
(Cl^WII > 





The XR speotruo of the eoapound a»p« 106 osthlhlted 
«>i 
absorption b@tids a t 1700, 910, 803 and 703 am , fho band a t 
1700 CO i s asorlbable to an unconjugated oarbonyl group i^ioh 
ruled out the s t ruc tures (CLSVII) and {CUVflll), .Moreover, the 
»1 '' 41 
haa&B a t 910 and 903 cs are e h a r a o t e r l s t l o of epony grouping . 
The band a t 70S owT^ i s due to C-Cl s t r e t ch ing , fhe choice of 
s t ruc tu re was thus narroved doim to epoxides (CL3C?) and (CLXt/'l)* 
Both (><• (CLW) and f - ( C L ^ I ) eposcldes may r e s u l t from the 
epoxldatlon of C.«>C^  double bond, though <<-epoxide I s na tu ra l ly 
tsore expected In view of the p re fe ren t i a l backside eposddatloo 
Of A " steroids* Conclusive evidence in favour of the 
I ' ~r I I 
PPM ( T ) 
6 0 
1 I I I I I r I -r 
KH + 
(CLXV ) 
^•<»^^ IW>^«- fW» '^r /¥> f II <!>< ^ I i ' * ^ H'V*t utKl^,t^ , i i i ^ i w^4i.» 
U4. 
r I I 
4 0 
PPM ( 6 ) 
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o(.-oposide strt toturo (CLW) was obtainod froa tlao rfiil spootrua 
wtiioti did not show tmy vinyUci proton but snowed a broad laul t iplot 
&t o 3,88 in teg ra t ing for one proton wltH o bal f band isrldtti 20 Qs 
and s lnglot at o 2 .91 . 71IQ s ignal at ^ 3.88 i s asoribabto to 
C^ proton a^d from tbo %oXt band tiidtb ( 20 tits)* t b i s proton i s 
indioatod to be airial ( <^  ) tshiob raeaas tba t tbo A/B r ing Junction 
i s trans« fhio tTonld rac&o tbo eposlde <<-oriented (CfiSV). Tbo 
siipial at 3,91 ig assignable to C^-axial ( p ) proton. Tbo 
angalar taothyl protons s igna l s wore obsorvod at 1.038 (ClO-CHg), 
0.63s (C13-Ctlq), 0.9 tmd 0.8 (otber metbyls) . fbe \PJ spectrum 
vtof the oonponnd a .p . 106® ^os fea ture less in the region 
200-3S0 iws. 
Further evidence in support of the eposide (CLW) oaoe froo 
©ass spect ra l s t u d i e s . The taass speotruni of (CliSy)(Pig. l ) gave 
molecular Ion peate a t o/o 434/43Q (Cg^H^jOgCl) followed by 
s ign i f ican t peaks at m/e 419/421 («l-CEg), o^e 399 (M-Cl), o/o 398 
(»!-«Cl), ©/© 393/394 (M-CHgsCoO), m/o 391/393 (M-Og, CO), 
B/C 3T0 (o /e 399-ClO), m/e 369 (a^e 370-a) , m/e 321/323 (UI-CQH^^), 
o/e 235 (a»/e 393-CgtIjY), m/e 275, m/o 251, m/e 34? and other 
lower mass peaks. The presence of chlor ine f a c i l i t a t e d the 
MialyslR of the spectrua because of i t s i sotopes in the r a t i o 
I t 3 (mass 35 and 37>. The formation of soise of the fragiaont 

































































• — ' 
= 321 
369 
• 370 386 
J a 6 3 g g 3 9 3 391 
^ ^ 2 1 ^ ^ ^ 







ni/e 302/394 (^ l-CH^^^aO J 
The fragoent Ion a/© 392/394 (*^25^41^*^*^ obviously 
r e s u l t s by tfio l o s s of a taolooulo of lEetdao from the aoleoular 
i o n , TThlcb oan be sho^^i aooordlag to tbe moobealoia In Sehomo 3 . 
Sohoiao *• 3 
c«a. 
CH.taCaO 2 
• / • 392/394 (C^gB^jOCl) 
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ta/ft 391/393 
The foraatlftn of the fragment Ion a/e 391/393 c@o b$ 
explained hy the seohanlsa given In Scheme-4. An a l to made 
path l e a l so postulated which suggests l o s s of U frosi the Ion 
m/e 392/394. 
SohcQo - 4 
"^3. r 
G l ^ ^ 




C l ^ ^ ^ - ^ 
1 ^ * ^ 1 7 
Or m/o 391/393 (C^gM^^OCl) 
<J) 
• / e 391/393 (CggH^^OCl) 
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a/e 3T0 and a/e 3&9 
(cum*) 





m/„ 310 (CggB^jO) 
'• 3«'»(C86''4l"'> 
a/e aT5 and a/« 247 
The Ion a/e 2T5 has the Goaposltion C^^Ug^y, This ion 
has been foraulated as ( f ) and i t s genesis has been shown in 
Seheae 7* The ion a/e 347 oan arise by the loss of Ca froa 
a/e 275 (aoheae-7)« 





• / • 247 (C,gE3^) 
14G 
Characterlgatlon of tti» opmoound, a.p, 113 aa 3p*oliloro-5«» 
forfayl*6'-»oxa-^g('»obole8tan*7-»one iCLXlX} 
The oonf»ottad, a,p, 113^ showed elenQOtal analysis 
oompatible vith the formula ^27^43^3^^ vhioh suggested the 
insertion of two ojQrgen atoias into the stihstrate. This ooaposi-
tlon 191^  lead to the straotures CCLi;3X->Cl«XllI) ^ i o b seem 
possible for the oonpotina, la.p. 113°, in view of the fact that 
epoxy enol lactones end S-forajrl-d'^laotones are frequently 
enootmtered as produots of suoh oaidatioas* 
CHO 
{ChXLX) 5o< 
(CLXX) 5 f 
The oonpotind, a.p. 113 , gave a posit ive Pehling*8 test 
Indioating the presenoe of aldehydio fiuiotlon. This observation 
suggested the eoapound to be either of the Soforoyl-S•lactone 
(CLtlX^ tr (^ i«XX). Additional evidence for fontyl lactone 
structure was derived froa the l a end mn spectra. The 1*1 
spectrum exhibited bands at 1T50, 1720 and TT5 ca" asoribable 
to S -lactone oarbonyl, foriqrl group and C*Cl stretching, 
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r e s p e o t l v e l r . The s tereoobeais t ry of a-forajrl group ( d, or f> > 
was QStabltshed by the help of mm spGotruo aHtiloh es^ibl ted 
s ignal for aldenydio protsa a t S 9«S6 m& a brood tnult iplet a t 
S4.23 for one proton which can be assigned to C» proton. Prom 
the half band ^Idth (IT ae) ot th i s s ignal i t was evident tha t 
t h i s proton vas axial ( '^) and therefore the A/B r ing Jjtmotion 
was t rans rendering the f oroQrl an <?<; • o r i en ta t ion , Jtn^ular 
methyl s ignals wore seen at % i . a i s (ClO-CHlg), O.SOs <Ci3-cag), 
0.9 emd 0.3 (other a e t h y l s ) . 
fhe aiass speotrusa of 3p-chloro«^-fori!S(yl-6-oxa-5<K«-
cholostiai-T-Kme (Cl#%IX)(Pig. a) did not give the laoleoular ion 
peafe at ra/e 4S0/453 (62.111^30301). Signifiomit poalcs wore 
observed at m/e 421/423 (•a-COo), o/e 385 (m/e 42l/423HaCl)y 
m/e 3T0 (a /e 385-cn-) , m/e 35T (m/e 38S-Co|, la/o 291, a/© 2T3, 
m/e 82 
ta/e 247, si/e 133, a/e llOZsind lo^er mass pea&s. Ttie formation 
of some of the sa l i en t fragment ions bave-been ratlonalisEod in 
the sohotaes given below. 
«/« 421/423 ('1-CHO) 
fhe foraat ioa of the fragmont ion o/e 421/423 oan be 
so^rgested by tbe loss of a forsqrl groiq> from the ooleonlar i on . 
The aooarate nass measurement showed the oomposltlon ^26^43^3^^* 
n> 




























































ffeie fragsent ioit peaS a t ©/e 383 I s obviounly torme^ 
by the loss of HCl from the ion, m/e 421/423* Loss of liCl froia 
42 
ohlor iaes usually involves 1|4 ati<} 1,3 e l i a ina t io i i ", Howevert 
In t h i s oase i t i s reasonable to assucio that the loss ooours 
hf 1,3 elliainatioii thus giving r i s e to a laore oonjui^atod spooies 
(i.)^^ (ScheBie-9). 
Soheae - 9 
•4IC1 
la/e 431/423 (1> 
«/« 385 (CggH^jOg) 
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« /« 3S7 (a i /e 38S-CQ) 
fifo neohanisois have been proposed to aooount for the loss 
of CO from ton la/e 38S (3cheoe-10j, 






n/e 35T (C^gll^^O) 















The ion n/e 247 nay originate direct ly froa ttie ion m/e 385 
vtiioh can be 8bo«n aooording to the following sobeaw. 
o/e 383 




• / • 110 
The fornatlon of tills Ion lias been suggested to occur 
according to ScheiM 13* 
Scbeae - 13 
( I ) 
• / • 110 iC^^^Q) 
1 ''^? O (^ 
Ttie lem a/e 33 may o r ig ina te d i l reot ly front the ion 
a/e 33T tvliio!! can bo 8ho«ri aoooratng to tbe Soheae 12«a. 
%^tl 
^ ^ ^ o t 
tii 
oT 
a/e 93 (Cjil^O) 
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Char«otTl«atlon of the contpoand. a.p« 140° as 3 ^ •»chloro-' 
Tft*oya-1«>tio«ocholQ8t»5'»en-7-oite (Ct^xyill) 
The Qonpound, a,p. 140^t rev«ale<!i mi&lfslB oorresponding 
to the ntoleoular oomposltion ^27^43^2^^* '^'^ ^ ^^^ ooapositloa, 
addition of one osygen was Indicated. This ooiq>otmd i s oharao-
terleod as ' <^  »P -unsaturated lactone (CLKt^III} on the basis 
of the foll07.1ng spectral properties. I t s UV spectruia showed 
absorption maxlnia at 233 nm i^loh supported the presenoo of an 
o<, ^-unsaturated ohroiaophore. In I t s la spectrum pec&s were 
••1 «•! 
Observed at 16S5« 1625 ^id 830 cm *. The peak at 168S cm 
o 
can ho assigned to ->CsC«>c- grouping In (CliS^IlI). fhe peaiEs at 
1623 and 830 cia are due to CaC and C'-CI llal^ages. I t s WJ.H 
spectrum ejdilblted a s inglet at £ 9.75 ascribohle to CO«vlnyllo 
proton. There tares a broad peak at <5 4.10 integrating for one 
proton which could be assigned to C3«»proton* The ca-axial i'^) 
proton appeared as a broad nult lplet at S 3.3« Methyl signals 
were observed at S l . ^ s (ClO-C^g), 0.65s (Cl3--GSg), 0.9 and 
0,*? (other methyls). I t i s noteworthy that the migratory aptitude 
of a vlnylio grotip and a more substituted carbon l ike C8 were 
Almost conparablst since the normally expected enol lactone was 
not obtained and InstewS the l e s s eiqpeoted <?<,^  -unsaturated 










5 0 0 
(CLXVIII ) 
Mfmi^»m^^m 1^1* **t»w^*i>^><*»*« >»»v4>^ lMWi i i ^ ^ t M ^ - ^ 
I I i: 
-"• 
^ir-i n.fi. J I. 
« 0 
^^ M ( I > 
154 
fmfthtBr «vlri9ae« to ta^port of stmoti ir* (Ci«lOrtIX) W M 
oiitalfiQji w mm9 »9«4itr«l t t a ^ , Tli« mmm «p««trtni of {cuwfUl) 
(l^tg* 3) gwro a<il«#fitfi»r l«o poiiii at ^/« 4M/43@ (v^f^^g^n^t) 
folloviid bf «lgBSfte«iit iNii^* St m/9 419/431 {^^m^U m/9 
408/403 CM«C0>» C^« 399 (li«Ot}» m/9 398 (»«aCI) , 8|/o 370 
(« /« 409/4C»«aCl), ii/e 395 (o/e 398-<m3t ^A^^)! • / • 33l/d33 
CM«@gf}^ f)« ef/« 347, i|/# I i9» a/« 9 i (C|^Ot h&m pftiOi) ABS 
t09cir saa* pealC0« So»» of tti« salt est fmsusiit ion po«le» liwro 
bofii «iagg«8tea to mine ooeordiag to Se&oimiB fiivoa l»oto«« 
« / f 4<^/4QS (W^^ Q^ 
Tboso |»ofilE8 are rolatiiroly ««idi mi& reprosoat tlio loss of 
CO from ttm aoleotilsr %<m* SIQOS loss of CO tfirolvss tlio oloinriise 
of a vinjrl le Doad vUleii Is a le§s favotirsikls olaavagst at ono 
sta«a or tb« otHsr* tbosa psaltsg tm «xpoots4 ara asaSk* 
Scftssw •• 19 
\^S®1T 
(oi*wfn«) 
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U 4 3 4 
399 
n r : 15J3 
m/e 370 
fhis fragaent Ion peak represea ts tho loss of llGl from 
the ioQ m/e 406/408 as shoim below* 
-aci 
6t lt2-ollfflinatlon 
la/o 406/408 (n) 
o/o 370 (CggQ^gO) 
n/e 365 
The oolBposltlon of this Ion, O^JX^^^^ suggested that 
this originated by the loss of nass 69 froa the aoleoolar 
ion as in ^cheae-i4» 
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Fornfitton of ton 
(Scheme 15)• 
o^ 247 can bo sbova to ooour as fo l lows 
Sdbeme • 15 
S"l7 
'© 370 (g) 
tsk/Q 247 (CjgBg^) 
a/o 135 




» / • 135 (Cua^U^) 
mj% 8a (Base pa^> 
Poraation of this Ion has been suggested to occur 
according to Scheae * iSa* 





Chwraotttrlgmtlon of the oompoqnd. m.p, 170 as ap-chlorO'-
5<»»03co«»5.7-«eoo«-6«'norchole8tan-7*ole aotd (CUICHIIX \ 
fh© eoapofmia, a,p, ito** analysed for CggH^-O-Cl and 
from the analysis loss of one oarbon and addition of one osygea was 
indioated. The IR speetrtm of the oostpooad sfiowed a hroad 
flattened bceid around 3200 cm" tshich suggested this oompotind 
to he an aoid which are usually obtained from peraoid oxidation 
of eonjogated enones. In the oarhonyl region, two bands were 
observed at 1T20 and 1710 on as s i^ab le to acid and ring 
oarbonyls* The C-0 and C-Cl stretebing were seen at 1190 tuid 
720 <m f respectively, fhe structure was supported by i t s WJU 
speotruei whioh showed aoid proton at h 3.19 (esobengeable with 
D-0), the G-3 proton appeared as a broad peafe at d 4.00, fhe 
notable features of this signal were i t s downfield shi f t re lat ive 
to other C-3 chlorine substituted oonpounds and i t s somewhat 
reduced half band width. The paraaagnetic sh i f t of th is signal 
44 
al(*ht be due to the anisotropic ef fect of C5-lketo function 
which Is capable of influencing the resonance of this slgpial 
aoroAs the space. Half band width noraiaiy observed for 
C3-proton, which i s coupled with two aethylone on either s ide , 
i s in the range of 16-22 HK* A half band width of 12 Uz 
Indicated the C3 proton acquires pseudo configuration since by 
virtue of opening of ring B, the ring A beooties coaforaationally 
•oveable. Thus 03 proton i s neither truly axial nor equatorial* 
^e'at.ve (ntens.t 
ICQ 
3igd.lar obsenrattoit was made with analogously ooastituted 
3poohloro-3*oxo-S,6*80oo<^olestan'-Q-onitrile (CLSHV) by 
AH C 
^aad e t al« MotlidJr iiaresAlvod multiplot between o 3*83*3*13 
which aey be ascribed to one of the C4 protons which appears 
doi^field relat ive to other C4 protons as i t might be under the 
paraiaagnetio asone of the eerbonyl function as observed for 
(CtTSiy) by i&tsad ot at . lie thy 1 s i s a l s were centred at 







Chenioal support in favour of (CLXOII) was obtained from i t s 
conversion to the ester {CLVCf) by diaKoaethane. The ester 
analysed for C»yn^„U»Cl. I t s IH spectrum exhibited baunds at 
1730 (WCHg), m o (C«0), 1170, 1080 (C-0) and 730 c«*^<G-Gl). 
m.n s ignals were observed at S 4.74 (03-41; w| 10 Hs), 3.43s 
(COOCTfg) (around and beneath this signal was the siffsal for 
C4-.protons) 1.0s (CIO-CII3), 0.7s (Ci3-CHg) 0.91 and 0.83 
(other aethyls ) . 
IGl 
Mass spectral s t u d i e s of the ooapotmd, la.p, 170 a l so supportad 
the structure (CLXXIII)(Plg. 4 ) , the laass spootrua of the compound 
(CLtXlII) gwfe fliolecalar loa peak at a /o 433/440 (C^^Ag-V^l) 
followed by s l i ^ l f l o a n t peaScs at ta/e 432 <^'42C1), O/Q 334 
(ffl/e 402-lf20), m/e 35S { ^ e 402-CO2), m/e 356 (aj/e 334-Ci>>, 
m/e 230 ( a / o 402-€gH.y), m/o 2T5, m/e 24T ( a / e 375M3U), a /e 143/14S» 
m/e 110 (hase peak) , a /o 68 ( o / e llO-Cag-ffilaGiig) and iowor mass 
peaks. The fornatlon of somo of tho fragment ions has been sttown 
according to the follotdtn^ sc^eiBos. 
g /e 402 and la/e 394 
The fragnent Ion a/e 402 I s a weak one but can e a s i l y be 
shOTsn to a r i s e from sioleoular Ion peak, ta/e 438/440 by 1 , 2 -
e l l n l n a t l o n of HCl. Subsequent l o s s of B^ O QOIOOUIO from 
m/e 402 produced the Ion peak m/e 334 (Soheae IQb). 
Sohene * Idb 
C„IL oji. 
(jr) 
m/e 402 (C26a43i>3) 
m/e 334 (C^gU^^a^) 
162 
w/e 3S8 
The ion pea^ »/e 358 suggests tbe loss oi CO^  froia 
the Ion m/e 402 which oan be shown as follows (Scheme IT). 
Scheme - IT 
"^^SX^ (fHo 
"eHr 
m/e 403 'e 358 (CggH^gO) 
m/e 386 
The foraatlon of fragnent ion a/e 356 oan be rationalized 
by the loss of CO froai the ion a/o 384(Scheme - 18). 
163 




( a ) 
o/o 356 (CggH^QO) 
a/ft aT5 and m/% 24f 
Soheite «• 19 
VlT 
r. Vit 
^ ^ ^ ^ ^ ^ ' ^ ^ 
-co 
i i * 
! / • 334 
(2) («) 
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«/a 148/148^ m/m JiO and • / « 68 
The ton peak at o^e 146/143 resul ts frois &lol«affertf 
rearrangsBent lavolving the S'-lioto funotlon and an approprlats 
•Hydrogen trow either Cg or C^ .^, or from both. The foraation 
of this pealc aloagwlth that of Ion peaks n/e 110 and m/e 68 Is 





. V l T 
- 20 
C ^ ^ ^^^ •> Cl-V>x^^ 
m/e 146/148 (C^jjOCl) 
Wv^  
-a 
«/e 110 (C^Hj^i) 
-Cii3-Cll«ClJ2 
^ - ^ 0 * 
(X) 
fli/e 68 (0^1*4^) 
16i 
Charttoterlgfttlon of th« corooand. « .p . i80*> — 8 * O » Q - ^ . 7 -
The Gonpoand, a ,p. 180® analysed for CjjgH g^Og, i t gore 
a negatiire Bei l s te ln halogen t e s t . I t s UV speetrtta eadtiihited 
absorption naarlaa at 329 aa suggesting the presence of eui 
(XyB -ansaturated oarbonjrl ohroaophore* In ZE speotraa a broad 
hand centred at 31S0 oa was aaorlbahle to aoid hjrdroscyl* fhe 
aoid oarbonyl frequency was ohserred at 1730 oa adid the 
presence of on o(f^ ^unsaturated icetonie function was shwm 
by band at 1680 oa . The C-o stretching frequencies were 
Obtained at 1210 and 11S5 oa • The I4QIE speotrua e ^ i b i t e d a 
broad signal at ^ 6,81 ^eribable to C3«vlnyllo proton n^loh 
appeared so downfleld as i t i s p • to the C5«K»XO ftutotion* The 
04<-vinylic proton appeared as an uneven doublet (J«B10 VLZ)^ with 
s l ight long range a l l y l l o cotQ>llng» at b 3«0i, Methyl siipaals 
were obsenred at ^ l « l s (CiOMm^), O.eSs (013-CHg), 0*9 and 
0.8 (other aethyls ) . 
This proposal iras cheaioally supported by transforaation 
of (CLXXVI) into the ester (CLILWII) upon aethylaticm with 
diasoaethane. Both (CLXXVri) and (CLXXVIl) were reported to 
have been obtained ear l ier , and were found identical with their 
4ft 47 







Meehanlstto nsoeeta of ttie trsmmiormatjon of (Cl»XlV) la to 
(CLW), (ctxix)^ {ChTdfiiD^ (Ghtnit^ ana Cctxsyi) ma&r 
Oaeyer'"Viliiger oactdattva oondltlon 
Previous stadios on the peraoid oxidation of 4-eno3-K>ne 
storolds hanre amply dononstrated tbat toicmyl derivatives &aA 
seoo acids are prodnoed toy aoid oatalysed rearrangeaent of 
eposf*-enol lactone intermediates* I t has been further shown 
that £< •epoxy lactone leads to HQ^tormyl derivative and v i c e -
versa. On this bas i s , the SBfdp-epoaey enol laotooe (CliXXIl) 
*tv be considered as the intermediate in the reaction of (CLXXV) 
with perbenxoic acid. Pros suboequent rearrangement of (CLXII), 
the produots (CLUX), <Cl.XXItl) and {QhVCfl) may be shown to be 
formed^ The following seheme depicts the pathways through 
which ( C L U V ) i s ccmverted step by step into (CLXV), (CLXIX), 
(cLioriii), (cLxxxii) mi (cLxjiyi). 
1G7 







All aelttng points urn tmoorreoted* lU sp^otra «er« 
dttterained in War vitlt a Pariritt««l«er 621 apootropbotosotor. 
Il<ifa speetra irere run in COCl^  on a Vorien A 60 lie instruoent 
vitli Mo^Si as tbe internal standard* W speotra vare deteznined 
in eifitlieaiol with a Oeoknann DK3 speetrophotoaeter. fLC plates 
were coated with s i l i c a gel and spraored with Perohlorio aoid 
(30^ aqtieotts solution)* Idght petroletira refers to a fraotion 
of h.p. 60<-30^. ilnhydrons soditta sulphate was used as the 
dnring agont« iCtia •alnea are given in ppa (s* singletf d» doublet § 
t« tr iplet I hr, hroadf osot unresolved aialtiplet oeatred at{ 
nO) nnlt iplet oentred a t ) . 
The Baeyer-Villiger OaAdation of 3p«ohloroohQlest->S-€»-7"One 
(CttJY)| 3p-ehloro«»8>6'<-03tido-go(-ohole9tea'*7'Hane (CXW). 
3B«»chtorQ'>^»for«yl«^*03ra''5«!<«<holestan»7«»«ne ^CLXIX)^  3B«»ohloro» 
Ta-oxa«J8-hoaeoholest'-5'<'en->7*ooe (CLWIII). 3p'"Chloro-4l'»03ca'ii^ *7* 
seco«6'-«oreheleatan-7-»oio aoid (Cl.3QgIl)* 5-oato-7-seeo--4l» 
norohelest'»3«»en-7»eio aoid (CLXIVI) 
<•) With i aad a «ole eonivaleat of perbensoio aoid 
To a solution of 30<<-ehlorooholest«5->en«7«-one (CXI«l\r)(3«0 g) 
in lAlorofors (30 «!) was added a freshly prepared ohlorofora 
solution of perhensoio aoid ( i note equivalent) and a few 
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oxystal* of p^tolueiiesulptioiilo eold« After allowing the reaction 
tslxture to stand at rooa tenperatare for 140 boars, tlie aolirent 
waf reaoved under redaoed pressure* fhe residue was extraoted 
eltl i ettier and the etbereal solution was wasbed wltb water, 
sodium blearbonete solution (5^) and water and dried over 
anbydrons sodlna sulpbate* After the removal of tbe solvent, 
a so l id (oa« 2.9 g) wiut obtained irtiiob was obroaatograpbed over 
s i I lea gel (70 g)(eaob fraotlon of 30 al was tiOcen)* fbe 
eluates froia Ugbt petroleua-etber (2 t l ) provided a so l id 
(ea 100 ag>, n,p, ISO*'* Reonrstalllsatlon froa l lgbt petroleim 
gfive 3p'-ebloro« ,^6/<«oxldo<^o(<-K3bole8tQn«'7*»Qne (CJQUV) l ike wblte 
p la te s , n.p. 106^ (pos i t ive Be l l s te ln t e s t h 
^ a l y s l s * Poundi C, 74«33t ^U d«81« 
Cg^^jOgCl re<}Ulre8t C, 74,651 H, 0,90^ 
I.R. t 1700, 010, 850, 705 ©a**. 
MtM.fi.t i 3«8Sbr, ao (03<^H| l l | 20 Hs), 2*01s (CO^fg), l*03s 
(ClO-CH^), 0»63s (C13«(^^), 0.9 and 0.8 (otber aetbyl 
protons)* 
Furtber elutlon with Ugbt petroleua^etber (19t l ) gave 
the starting ketone (CIIiXV}(oa 200 ag, reerysta l l l sable froa 
l lgbt petroleua a*p« sad alaed a«p« 145^), Further eluates 
froa Ugbt petroleua^etber ( lOi i ) gave a so l id (ea 200 ag) , 
a.p. 111«*112**. Reorystall lsatlon of tbe so l id froa l lgbt 
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(OlfSIX) as fia« erystata, a .p . i l3^ (poaitiva FahUnga and 
Baitataln tas fa ) , 
iUlalyflla. Foun^t C, 7t»98| H, 9«45« 
^27^49^3^^ raqnlrasf C» 73.01} a , 9.55^« 
X*ft* t t750t i720| and 785 aa*^ ( ^ «o).aotoae oarbooyli) fonqyl 
grotq) ttcid C-Cl atratebln^ raspaotlTaly)* 
N.lt.R.t 9,5ds (-(MO), 4.23br»aa (C3« a, ^ 17 Hs)» 1.31a 
(€l(M^g)y O.dOa (013<^g) , 0.9 and 0.8 (othar aetligrl 
protons). 
Contlnoad alntlon wltb l lgbt petrolaiun^stltar ( S t l ) 
provided a aoUd (oa 100 Kg), m.p. 140^. Tlte aoUd prodttot 
3fM}!iloro<»7a-«»xa->B«lioflio<Aiolaat«5«aa«>7«oaa (CliWXIX) waa 
reorratalll«9d fron llgHt petrolaoai s . p . 140^ (poaltlva 
Bal lstaln t a t t ) . 
Analyala. Poandt C* 74,8S| H, 9 .88. 
O f^H j^O^Cl raqolraai C, 74.65} a« 9.90^. Q 
Z.R. 9 1689« 1838 and 830 aa*^ < C • C - C-, C«C aad C«C1 
atratahlng raapaatlTaly). 
!f.li.E. I 8.75a (CiiC«<«}, 4.101ir (CS-g), 3.8 (03)^ H), 1.398 
(ClO-GIg)^ 0.85a (ClSMSj), 0.9 and 0.8 (othar mthyl) 
protaas). 
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Tho «laat« froa U ^ t petrolem-etli«r ( 3 t l ) proritftd 
a so l id (ott 240 ag) , ««|»* 199^ (posltiTa BeiUt«l i i t « s t ) . After 
reexyatallleattoii fron p9trol%xm •ttt«if«etli«r» i t ginrQ tttm 
ery9ttH9 of 3P'Ki»hloro«4{--oxo-5,7Hieoo*6«<iorolioleat6n*7M»io aoid 
Analysis* rooiidi C» 71,2iS| B, 9.6d. 
CggH g^OgCl requires! C, 7i,23} H, 9*81#. 
l .R, t 3200br (-<JOOH)* iT20, 17iO» and 720 ©a"*^ , 
!f*M«E« t 6 8*15 (-CO0Q| exeltangeeble witb D^^)* 4«66 (C3«<a, 
w| i 3 ««)• 2»75« (C8*fH)| l« i» (ClO-CHg), 0,78 (Cia-CSg), 
0*9 and 0.8 (other aietliyl protons). 
Reaotion of Itetoae (CJCUV) witti 3 »ole equivalent of 
perbenssoio aold gare four prodnots (C3CLV)» {ChM^}, (CIiXVIII) 
and (OLXiXiDf sane as obtained in tbe reaotion with i so le 
equivalent of inir aoid* 
(h) With 3 wole eoalvalent of perbengojc aold 
The ketone (CXUtVXa g) was treated with 3 ttole equivalent 
of perbenasole aeid in the usual Manner as desorihed before. 
After work up and oolunn ohroaatographjr i t provided in addition 
to the four produots (OXUr), (CLXIX), (OLXV I^II) and (CbXUIl), 
a ooi^ poundf a.p* 180 (ea 150 sigt negative Oei lste in t e s t ) . 
The sol id product 5"-oato-5,7<-*eoo-6-ooroholest-»3«-eu«7-oio aold 
(CLXXITI) was merysta l l i i 
and • * • • ? . 180«18i*®»*^. 
1CX7 re sed froa l ight petroleont a .p . 180^ 
0 
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Analysis. Potmdi C, ?T.51| H, 10.48. 
^26^42^ '*<l^'®* * ^» T7.50f B» 10.92^ 
0,V. t ^ aax. 328 na. 
l .R.^Jt 3180br, 1790, 1080, 1210 ewT^ (-C00a« •C-OH, 
«<?»«C«-C«iQ md C-0- strstelilng respeot lve ly) . 
1Y.1I.R.I Ss^dla (03 .§ , iialor J 10 BB)» 8.914 (C4-3, «r 10 Hs), 
6.19 (ClO-Cg0>t 0,68 (C13«Ca|^), 0,9 and 0.8 {othor 
aetliyl protons), 
l^ethyl ay>»'ehloro*8»03co*8.7*sseo*6«<toreholestittt^7-oate (Cl^ XJCy) 
Aa etheroal solatlon of 3|>«tilor9«8'H>zo<»8«*7*«eeo«e-
noroholestaa-T-olc aoid (Ct«xxill)(180 ag) was treated ultti an 
ezoess of an ethsreal solution of dlasooatliatte In tbe oold and 
aftar 10 alantas tiie reaotlon nixtora was worted tip in the osual 
aintter, Ronoval of tlie solTsnt gora (CLXI!/), orjrstallisad 
fron l l ^ t patrolaua (iOO ng), a .p. 77°. 
Analysis. Founds 0 , 71.80f H, 9 ,88 . 
O f^B j^OgCl rtqolrast C, 71.e8| fi» 9.98^, 
I .R .Vf 1780 (GOO^Rg), 1710 (Cirfl), 1170, 1080 (C-0) and 
730 aa*"* (C-Cl). 
H.ll.R.t^ 4.74 (C3'«), 3.48s (COOffl^), 3.8«a (C8-^H), 
1.0s ( C l O ^ j ) , 0.78 (013*013)1 0.91 and 0^83 
(otliar aatltfl protons). 
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?h$ 3e«o aelil (QhiONl) (iOO •§) ««• ntthsrlated wltii an 
ethereal aolotion of diasomtliane* I t pr<rrided tlia oatliyl aatar 
(CLKX r^il) aM a QonoiyatalUsable oi l (80 ag) ( t« l . o , and i . r . 
identteal fdtti en anthentlo sample of tbe oothyl ester * « 
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fliA mtma sp«etra «»r« iiftasar«d In a Varian MAf«>311(A) mass 
sp«etr<MMt«r at 70 «*/ using a direat inaer t ion toobniqu^ at 
9otir«e teaperatura of idiotit I30*'c. 
ftio v a l M (ai/e) of tlm fragaeiit i ons froa varioua 
eoflipotmds are taAniilatad tieiov* file wmlm in paroatlieaes are 
the r e l a t i v e abnndaaoe {%) of the peaice with respeot to base 
peak as iOO^. 
3p«»<»iloro«^#6o(''-^3dLdo«'<lo<''*ehol»stan'»7«»one (CJQUVl 
M* 434/436 (CgTH^gOgCl) 
4 1 t ( i 2 , 8 ) , 4 t 6 ( i t , 7 
398 (aS ,0 ) , 393(49.8 
3 7 l ( l i , 4 ) , 370(18.7 
a 7 9 ( i l . 4 S ) » 378(15,6 
29 i (38«3 ) , 349(12.9 
337( i0 .4 )« 233(16*6 
2 1 S ( l l . i ) , 2 i 3 ( i i . i 
3 0 6 ( i 2 , 5 ) , i 9 9 ( l l « 4 
1 8 8 ( 8 0 , 8 ) , 187(13.5 
1 7 4 ( 2 0 . 8 ) , 173(35.0 
1 6 5 ( 1 0 . 4 ) , 163(18.7 
1 4 5 ( 2 8 . 1 ) , 143(33.9 
1 3 3 ( 2 7 . 1 ) , 131(19.8 
407(19.8 
3 9 2 ( i a . 5 
369(13.5 
, a67(l2. i 
247(10.1 
228(11.4 







S9«4>, a /e 4 1 9 ( 1 7 . 7 ) , 4 1 8 ( 1 2 . 5 ) , 
, 4 0 6 ( 2 6 . 0 ) , 40S(45«8 
, 3 9 i ( i 5 . 6 ) , 380(10,4 
, 3 2 1 ( 1 4 . 6 ) , 303(17*7 
) , 265 (19 .8 ) , 263 (11 .4 ) , 253( i2»5) , 
, 242(11*4 ) , 2 4 i ( 7 . 3 
, 227(19*8) , 226(42*7 
, 210(15*6), 209(32.9 
, 193(16*6), 191(13*5 
, 183(19*8), 181(11*4 
, 171 (16 .6 ) , 170(68.7 
, 161(25*0), 189(28*1 
, 136( i2«5) , 135(48*9 
, 123(31 .2 ) , 123(16.6 
, 399(21*8), 
, 377(13*5), 
, 291(8*3) , 
, 239 (13 .5 ) , 
, 319 (12 .5 ) , 




, 147 (26 .8 ) , 
, 134(66*6), 
, 121 (41 .6 ) , 
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119(23.9), 11T(11.4), 115(14.5), 111(15.6), 110(41.6), 109(19.8), 
108(59*3), 100(39,5), 98(23.9) , 9T( ia .5 ) , 96(100), 95(33.4) , 
94(70.8) , 93 (39 .5 ) , 80(10.5) , 84(43.T), 83(30 .8) , 82(79.16) , 
81(93.7) , 80(45.8) , 78 ( l7 .7 ) , 71(43.7), 69(70.8) , 68(10 .5) , 
66(41,66) , 61 ( 6 . 1 ) , 53(88.5) , 52(12.5) , 50(82.29). 
3p»Chloro'*^^fortByl«6'«03ra-5o(«ohQle»tan»7«-ooe (CltXtX) 
ta/B 424(7.3) , 423(33.9) , 421(77.1), 405(52.0) , 393(8.3) , 
386(7.3) , 385(18*7), 248(19.79), 247(95.8), 191(9.4) , 177(8.3), 
170(10.4), 163(27.1), 161(12.6), 159(10.4), 151(10.4), 149(16.6), 
147(10,4), 145(13.5), 137(10,4), 136(10.4), 135(70,8), 134(17.7), 
133(33.3), 131(10.4), 123(17,7), 12l(42«7), 119(18.75), 117(14,5), 
111(12.5), 110(31.25), 109(11.5), 108(50.0), 106(27.1), 98(17.7) , 
96(75.0) , 95(17.7) , 94(64 ,6) , 92(34.3) , 84(30 .2) , 83(11.5) , 
83(100,0), 80(39,6) , 73(16.6) , 71(35.4) , 69(48.9) , 66(33.5) , 
53(67.7) , 50(58.3), 
3p'^hlorO'»7«*K>wa«i<io«oohol»«t'*S*en«-'7«on€ (CLXyill) 
II* 434/436 (C27a^302Cl)(4,2), • / • 399(19.8), 398(10,5), 
247(16,6), 199(9,3), 197(21.8), 188(13.5), 186(14,6), 184(42.7), 
172(11.4), 170(33,3), 163(14,5), 161(31.8), 156(16.8), 155(13.5), 
152(15.6), 151(14.8), 149(26,0), 148(33,9), 147(15,6), 145(13,5), 
137(11,4), 130(11.4), 135(66.6), 134(53.1), 133(38.5), 132(13.9), 
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123(23.9), 122(17.7), 121(56.2), 120(13.5), 118(28.1), 117(11.4), 
112(13.5), 111(10.4), 110(47,9), 109(37,5), 108(64.6), 107(22.9i-
106(57.3), 98(20.8) , 97(16 .6) , 96(81.3) , 95(23 .9) , 94(58.0) , 
93(11.4) , 92(58.3) , 84(41.6) , 83(21.8) , 82(100.0), 3 l ( l 0 . 4 ) , 
80(48.9) , 78(26.0), 71(30,2) , 89(54.1) , 68(11.4) , 67(44.8) , 
65(14.6) , 62(11.4) , 55(63.5) , 52(9.37) , 51(58.3) , 47(13.5) . 
3B«-Chloro-»5-oyo«»S.7-aeoo«6*Hioroholegtan-7»olo aold (CLXXIH) 
M* 433/440 iO^n^^O^QDir^S), 420(20.8), 402(7 .3) , 
386(15,6), 385(15.6), 384(41.6), 375(4.1), 356(9.3) , 341(9.3) , 
329(7.3) , 317(14.6), 300(7,3) , 299(20,8), 284(10.4), 277(10.0), 
276(28,1), 275(98.0), 274(13.5), 273(12.5), 271(11.4), 204(10,4), 
259(10.4), 248(12.5), 247(48.9), 246(11.4), 245(13.5), 243(15.6), 
233(14.6), 231(18.7), 229(9.3) , 2 2 l ( l 8 . 7 ) , 219(25.0), 2 l 7 ( l 6 . 6 ) , 
215(12,5), 307(16.6), 205(18,7), 203(18.7), 2 0 l ( l 6 . 6 ) , 193(10.4), 
191(10,4), 189(10.5), 187(10.5), 179(20,8), 177(20.8), 175(10.4), 
165(20.8), 163(62.5), 161(83.33), 154(72.9), 153(72.9), 
152(83.3), 146(87.5), 135(76.0), 133(73.9), 121(62.5), 119(52.0), 
115(83.33), 111(83.3), 110(100.0)^0^^^0), 109(83.3), 103(68.7), 
106(83,3), 96(93,7) , 94(95 .8) , 92(83.3) , 82(88.5) , 80(76.0) , 
78(93.7) , 71(83.3), 69(89 .6) , 68(88.5) , 67(75.0) , 65(57.3) , 
55(83.3) , 52(88.5) . 
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